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Fish communities in small agricultural streams of Iowa: 
Relationships with environmental factors 
Shih-hsiung Liang 
Major Professor: Bruce W. Menzel 
Iowa State University 
Fish distribution and composition in small agricultural streams were compared between major 
river basins (Mississippi and Missouri) and among five subecoregions in the Iowa region of the Western 
Corn Belt Plains Ecoregion (WCBPE) using a 1981-1984 state survey database. Additionally, 
environmental and fish data were collected from April 1992 to October 1993 from five 50-m stream 
sections in each of 10 streams representing the subecoregions. The associations among watershed, 
stream habitat, and fish community features were investigated. The 1993 flooding effects on the 
headwater habitat and fish communities were also explored. Watershed data were derived from maps, 
remote imagery and field inspection, and integrated by Geographical Information Systems (GIS) 
technology. Habitat data were collected in each stream section in 1992 and 1993. 
The distinctions in headwater fish distribution and composition were significant both between 
major river basins and subecoregions. These variations result from the interactions of natural and 
historical factors such as topography, soil type, and drainage connections and human activities, 
including stocking and agricultural disturbances. 
The northern, rowcrop-dominated watersheds commonly exhibited better stream habitat 
conditions such as greater water clarity and habitat complexity than the southern watersheds, which 
have greater grazing landuse. Moreover, fish communities in the northern headwaters also 
demonstrated greater species richness and total number of individuals, a greater proportion of 
insectivores, and a lower proportion of omnivores. 
Linear structural relations (LISREL) models identified four major factors in structuring 
headwater habitat and fish communities: geological and agricultural influences, precipitation, riparian 
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forest zone, and stream width. The 1993 flooding influenced the communities in reducing adult 
abundance, changing physical and chemical habitat features, and rearranging the environmental 
associations with fish species. 
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GENERAL INTRODUCTION 
Modern agriculture has been recognized as a significant source of aquatic pollution in the 
United States. Duttweiler and Nicholson (1983) indicated that two-thirds of the water basins within the 
United States are affected by agricultural pollution. Eroded soil and agricultural chemicals like 
fertilizers, pesticides, and animal wastes can severely impact water quality when they are transported 
from land to water in excess amounts. In addition, agricultural modifications like drainage alterations 
and stream channelization have radically changed the terrestrial and lotic environments. 
The Midwestern Prairie states, including the Dakotas, Nebraska, Kansas, Iowa, Missouri, and 
Illinois, are one of the most intensively farmed agricultural regions in the world for production of feed 
grains and livestock. Small prairie streams are highly sensitive to agricultural manipulations due to their 
close interactions with the terrestrial environment (Menzel et al. 1984). Because agricultural activities 
are concentrated along these lotic waters, Matthews (1988) stated that headwaters and tributaries of 
prairie stream systems have the greatest environmental discrepancies between presettlement and 
current conditions. These headwaters play an important role in stream ecosystems. Small streams 
collect, process, and transport terrestrial and aquatic energy sources for downstream sections and 
larger rivers (Vannote et al. 1980). Moreover, many downstream fish species utilize the headwater 
sections for spawning (Schlosser 1982). 
The general pattern of alterations of headwater fish communities in the Midwestern states, like 
Iowa and Illinois, after agricultural development have been documented (Menzel 1981, Karr et al. 
1985). Ecological generalist species that are tolerant to degraded habitat conditions such as turbid, 
warmer waters, and have wide functional flexibility, especially for food and reproductive requirements, 
have become more prevalent in small agricultural streams. However, the ecological associations 
among watershed, habitat, and fish communities have rarely been investigated in small prairie streams 
with intensive agricultural disturbances. For an agriculturally disturbed Illinois stream, Jordan Creek, 
Schlosser (1982,1987) concluded that habitat volume, habitat complexity, and flow stability are 
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important in structuring the fish community. Nevertheless, this stream is only partially impacted by 
agricultural practices. Additionally, the watershed features were not involved in Lhese examinations. 
The present study investigates the relationships among watershed, stream habitat, and fish 
communities in small agricultural streams of Iowa at large (river basin and subecoregion), medium 
(watershed), and small (stream segment) landscape scales. The first section of the dissertation is 
concerned with large-scale comparisons. Fish collection records were selected from a 1981-1984 
Iowa survey database to investigate the variations of headwater fish distribution and composition 
between major river basins and among five subecoregions for the Iowa portion in the Western Corn 
Belt Plains Ecoregion (WCBPE). Moreover, new collections were made during April 1992 to October 
1993 from five 50-m stream segments in each of 10 headwaters to develop a more recent 
environmental and fish database. A comparison was made between the recent and earlier database to 
determine geographical patterns of fish species distribution and determine the representativeness of 
the later collections relative to basins and subecoregions. 
In the second section of the dissertation, the 1992 data were used to reveal the ecological 
associations between watershed, habitat, and fish community features. In the third section, two linear 
structural relations (LISREL) models were developed based on the 1992 and 1993 stream segment 
data, respectively, to identify the causal mechanisms of environmental factors in regulating the 
structural and functional aspects of headwater fish communities. Additionally, the effect of the 1993 
flood on the lotic habitat and headwater fishes was also evaluated. 
Dissertation Organization 
This dissertation has been organized and written in accordance with the guidelines of Iowa 
State University. Thus, each section has its own figures and tables. Figures and tables included in 
each section are numbered independently of other sections. 
This dissertation has been organized into three sections. The data analyses and interpretation 
of each section were conducted by the author under the supervision of Dr. Bruce W. Menzel. The first 
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section compares the distribution and composition of headwater fishes between major river basins and 
between five subecoregions in the Iowa portion of the Western Corn Belt Plains Ecoregion. In addition, 
the representativeness of a recent, smaller 10-stream fish database was determined by comparing it 
with an earlier, wider state survey database. The second section associates watershed, habitat, and 
fish community features in the 10 headwaters from the watershed perspective. Finally, the third section 
investigates the causal mechanisms of environmental factors in structuring headwater fishes using the 
stream segment database. The influences of the 1993 flood on headwater habitat and fish 
communities were also examined in the third section. 
4 
SECTION I 
THE HEADWATER FISH DISTRIBUTION AND COMPOSITION IN IOWA 
5 
INTRODUCTION 
Landscape Considerations in Ecosystem Management 
Landscape classification systems are valuable tools for managing natural resources, 
developing biological monitoring criteria, and establishing water quality standards (Griffith et al. 1994). 
Landscape classification systems are based on several easily measured characteristics that account for 
much of the variation in the distribution of biotic communities, and assume that ecosystems within a 
landscape unit are more similar to each other than those in different units (Bailey and Hogg 1986; 
Omernik 1987). 
Among various landscape classification systems for the United States, Omernik's (1987) may 
be the most widely adopted scheme. This system also has been suggested as currently the most 
appropriate framework for ecological classification of stream systems (Whittier et al. 1988). Omernik 
(1987) delineated the conterminous United States into 76 landscape units, termed ecoregions, on the 
basis of similar land-surface form, soils, natural vegetation, and landuse patterns (Figure 1). 
Fish communities have been used to evaluate the utility of Omernik's ecoregions for delineating 
lotic management units. For example, in Ohio, Oregon, Arkansas, and Wisconsin streams, Omernik's 
ecoregions were found to correspond relatively well to the geographies! patterns between the 
environmental parameters and fish communities in pristine or least-modified streams (Lyons 1989; 
Whittier et al. 1988; Rhom et al. 1987). Therefore, there is growing interest in managing stream 
resources according to ecoregions rather than political boundaries. 
Problems in Landscape Classifications 
Landscape classification systems may not correspond as well with biotic assemblages and 
geographical patterns in areas with subtle landscapes and intensive human disturbances. The states 
for which there has been success in corresponding lotic environmental characteristics and fish 
assemblages with Omernik's ecoregions are those which contain either distinct thermally-adapted fish 
Figure 1. Ecoregions of conterminous U.S. (Omernik 1987), with ecoregion 47 in the Western Corn Belt Plains. 
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taxa or several sharply divergent landscapes. For example, in Wisconsin, trout species, water 
temperature, and gradient play the most significant role in separating fish assemblages in different 
ecoregions (Lyons 1989). Strongly divergent landscapes are present in Oregon, e.g., High Desert, 
Coast, and Blue Mountain Ecoregions (Whitder et al. 1988), and in Arkansas, e.g., Mississippi 
Floodplain, Ozark Highland, and South Central Plains Ecoregions (Rohm et al. 1987). 
In contrast, the association between stream fish communities and Omernik's ecoregions failed 
in Kansas (Hawkes et al. 1986). Many sampled stream sections in the Kansas study were influenced 
by agricultural activities. Thus, further investigation is desirable to examine the resemblance of stream 
fish fauna among landscape units in the Midwestern states where intense agricultural activities and 
subtle topographies occur. 
Sampling Considerations in Large-scale Regional Comparisons 
A major problem faced by fish ecologists is to determine whether the selected sampling scales 
are adequate to represent the characteristics of fish assemblages in the study region. For example, at 
the small-scale level, Grossman et al. (1982) used a 120-m long stream section to investigate the 
temporal consistency of lotic fish assemblages. That stream length was criticized as being both too 
small (Ross et al. 1985) and too large (Herbold 1984). Recently, Moyle (1994) suggested that several 
stations within each stream reach may be necessary to obtain an acceptable fish community sample 
because lotic fish distribution is generally not discrete. Thus, to reflect the regional features of lotic fish 
assemblages, multiple sampling units, stream sections or watersheds, may be essential. 
Implementing a headwater fish study across a large land mass is additionally complicated by 
diverse combinations of climate, geology, vegetation, and landform. One way to simplify the process in 
selecting a sampling unit for large-scale ecological studies is to employ an established hierarchical 
classification system on the basis of these inherent landscape features (Conquest et al. 1994). For 
example, subregions may be identified within an individual ecoregion using similar classification 
techniques and landscape variables as in Omernik's system (Griffith et al. 1994). 
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Iowa Landscapes and Headwater Fish Communities 
Some studies have implied that differences in fish communities exist between landscape areas 
in Iowa. Menzel (1987) suggested that the regional distributions of fishes are shaped by the geology, 
topography, soils, vegetation, drainage network, and landuse of each Iowa landform region. 
Paragamian (1990) also reported that Iowa lotic fish assemblages differ by landform regions. However, 
the observations of Menzel (1987) and Paragamian (1990) were primarily directed to regional and river 
fish fauna, respectively. They did not specifically refer to headwater situations where agricultural 
Influences have been most severe. 
Headwater fish community composition in Iowa is influenced by several factors. First, species 
distribution is differentiated along lines of classified ecoregions, major river basins, and established 
topographic subregions within ecoregions. There are four established ecoregions in Iowa, with the 
majority of Iowa classified into the Western Corn Belt Plains Ecoregion (WCBPE) (Omernik 1987) 
(Figure 1). Fish distribution in Iowa is restricted to the Mississippi and Missouri river basins. Within the 
Iowa region of WCBPE, several smaller scale topographic regions, namely landform regions or 
subecoregions, are also distinguished using similar geological and geographical characteristics as in 
Omernik's system (Prior 1991; Griffith et al. 1994; Figure 2). 
While topographic and drainage features certainly contribute to ichthyocommunity differences, 
some climatic and geographic aspects in Iowa may promote similarity of headwater fish communities 
between landscape areas. Climate gradients of Iowa are gentle along the south-north and east-west 
axes, and relief differences are minor over much of Iowa. Finally, headwater streams in Iowa 
commonly occur in areas of low slope. 
Additionally, agricultural practices in Iowa have tended to modify headwater streams in similar 
ways, including deforestation, channel straightening, row cropping, livestock grazing, and land drainage 
activities. Due to these agricultural impacts, small streams in Iowa tend to exhibit simple and uniform 
habitats involving frequent flow extremes, elevated turbidity, heavy sedimentation, and artificial chemical 
Top: Prior's (1991) landform reyion 
A. Northwest Iowa Plains 
C. lowan Surface 
B. Des Moines Lobe 
D. Southern Iowa Drift Plain 
Bottom: Griffith et al. (1994) subecoregions 
a. Northwest Iowa Loess Prairie b. Des Moines Lobe 
c. lowan Surface d. Loess Hills and Rolling Prairies 
e. Southern Iowa Rolling Loess Prairies 
Figure 2. Landforms or subecoregions of Iowa. 
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loadings (Menzel 1983). As a result, headwater fish species tolerant of such conditions may today 
have greater community importance than in presettlement time. 
Thus, it is known that there are differences among the lotic ichthyofaunas between the 
Mississippi and Missouri drainages of Iowa and among the different Iowa landform areas. In part, this is 
assignable to the downstream habitat diversity and species which are primarily found in these habitats. 
Headwater habitats in the generally low-relief Iowa portion of the WCBPE are relatively simple and 
uniform. Do the known fish assemblage differences also apply in headwaters, and what is the relative 
importance of drainage basins (i.e., distribution) and of landscape units (i.e., local habitat) in structuring 
the assemblages? 
To examine the ecological associations between headwater fishes and environmental 
components, ten small agricultural streams located in the two drainage basins and five subecoregions 
were selected in 1992 for the present study. Because of the risk of sampling error associated with such 
a small sample size, it was first necessary to ask: how representative are the fish collections in the 10 
headwaters as compared to Iowa streams of a similar size within the WCBPE? 
Four hypotheses were proposed: 
1. The general ichthyofaunal distinctions between the Mississippi and Missouri river basins of 
Iowa are reflected in headwater assemblages, with greater species richness in the Mississippi's 
headwaters than in the Missouri's. 
2. Headwater fish assemblages reflect the differences of landscape features, and 
subecoregions located in the same major river basin should show higher faunal similarity than 
those situated in different ones. 
3. The fish assemblages of the study streams should show a strong similarity with the rivers' 
basin assemblages in terms of common and dominant species and, to a lesser extent, of 
uncommon species. 
4. The collections in each subecoregion should demonstrate a high similarity with 
subecoregional assemblages in terms of common and dominant species and, to a lesser extent. 
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of uncommon species. 
Research objectives were: 
1. To determine the faunal similarity and compare the community composition of headwater 
fish assemblages between the Mississippi and Missouri river basins of the Iowa region in the 
WCBPE based on a 1981-1984 state survey database. 
2. To determine the faunal similarity and compare community composition of headwater fish 
assemblages among five major subecoregions of the Iowa region in the WCBPE based on a 
1981 -1984 state survey database. 
3. To determine the faunal similarity and compare the species composition of 1992 
headwater fish collections with the 1981-1984 state survey in each major river basin of the Iowa 
region in the WCBPE. 
4. To determine the faunal similarity and compare the community composition of the 1992 
headwater fish collections with the 1981-1984 state survey in each subecoregion of the Iowa 
region in the WCBPE. 
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STUDY AREA 
The Western Corn Belt Plains Ecoregion (WCBPE) is one of the most intensively farmed areas 
in the vt/orld. It includes parts of four conterminous states; Minnesota, Kansas, Nebraska, and Iowa. 
The majority of Iowa is classified into the WCBPE, except for the northeast corner, northwestern edge, 
and south central area (Omernil< 1987). 
The climate of Iowa is marked by distinct seasonal variations with a gentle gradient along the 
south-north and east-west axes (Menzel 1987). The state has adequate rainfall, precipitation averaging 
around 80 cm per year. Precipitation generally increases from the northwest toward the southeast. 
The original vegetation was comprised of tallgrass prairie and deciduous woodland. Reflecting the 
precipitation pattern, the woodlands decrease from east to west. 
The geomorphological characteristics of the Iowa portion of the WCBPE are fertile soil, 
numerous streams, low elevation, and gentle reliefs. Currently, cropland is the dominant landuse, 
especially for corn and soybean. Grazing landuse is more prominent in hilly southern Iowa. 
Iowa is bordered in the east by the Mississippi River and the states of Wisconsin and Illinois, 
and in the west by the Missouri River and the states of Nebraska and South Dakota. The Mississippi 
River basin in Iowa includes several major interior rivers such as the Des Moines, Iowa, Skunk, and 
Cedar. The Floyd, Boyer, Nodaway, and Thompson rivers belong to the Missouri River basin. 
Topographic Regions in Iowa 
Prior (1991) outlined seven topographic areas, termed landform regions, in Iowa based on 
earth materials, topographic relief, and terrain characteristics. Recently, Griffith et al. (1994) refined the 
ecoregion boundaries and defined subecoregions in Iowa based on soil types, land surface form, 
vegetation, and land use. 
Strong similarity exists between these two systems regarding the regional delineations in the 
northern part of state (Figure 2). However, while Prior (1991) identified a single landform region in 
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southern Iowa as the Southern Iowa Drift Plains (SiDP), Griffith et al. (1994) divided this area into two 
subecoregions, the Loess Hills and Rolling Prairies in the west and the Southern Iowa Rolling Loess 
Prairie in the east. 
The present investigator defined five major topographic regions in the Iowa portion of the 
WCBPE for this study based on landform, surface deposits, potential natural vegetation, and landuse 
(Figure 3, Table 1). Three subecoregions were delineated in the northern area of the state: the 
Northwest Iowa Loess Prairie (NILP), the Des Moines Lobe (DML), and the lowan Surface (IS). These 
landforms/subecoregions are consistently recognized as distinct from each other for a variety of 
characteristics. However, most of southern Iowa has a common geological history, and landform 
distinctions are based primarily on the depth of loess deposits. Because of the lack of agreement in 
defining landscape areas for southern Iowa, the eastern and western parts were divided into two 
subecoregions: the Eastern SIDP (ESIDP) (Mississippi drainage) and the Western SIDP (WSIDP) 
(Missouri drainage). The alluvial plains of both major rivers were not included in this study because 
they occupy a small portion of Iowa region in the WCBPE. 
Ten Selected Headwaters 
The headwater streams in this region are mainly disturbed by agricultural practices, including 
row-cropping, livestock grazing, or both. The typical agricultural perturbations include channelization, 
deforestation, drainage practices, and artificial chemical loading. The streams are characterized by a 
simple habitat structure of straight channel, fine substrate, little instream wooded debris, and snag-free 
waters. 
Information from a preliminary review of available data, advice from local conservationists, and 
field inspections were utilized to select the sampling streams. It was the intent to choose headwater 
watersheds which reflect current, local landuse patterns within the Iowa region of WCBPE. Thus, all 
the selected streams and their watersheds are heavily disturbed by typical agricultural perturbations. 
Des Moines Lobe (#) 
lowan 
Surface {+) 
Northwest 
Iowa 
Loess 
Prairies 
(*) 
Western 
Southern 
Iowa Drift 
Plain (@) 
Eastern 
Southern 
Iowa Drift 
Plain (%) 
Figure 3. Liang's Iowa subecoregions in the Western Corn Belt Plains Ecoregion, with selected headwaters numbered. The marked 
counties in each subecoregion are those represented in a fish collection data set selected from the 1981-1984 state fish survey. 
The total sample size of each subecoregion is also shown. 
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Table 1. Landscape characteristics of major ecoregions in the Iowa region of the Western Corn Belt 
Plains Ecoregion (modified from Griffith et al. 1994). 
Subecoregions River 
basin 
Landform Surface 
deposits 
Potential 
natural 
vegetation 
Land use/ 
Land cover 
lowan Surface Mississippi elevation 
274-366 m 
relief 15-30 m 
thin loess over 
loamy till 
blue-stem 
prairie, oak-
hickory forest 
cropland 
Des Moines Lobe Mississippi elevation 
274-457 m 
relief 15-30 m 
loamy till with 
no loess 
bluestem 
prairie 
cropland 
Eastern Southern 
Iowa Drift Plain 
Mississippi elevation 
213-396 m 
relief 30-91 m 
moderate to 
thick loess 
mosaic of 
bluestem 
prairie and 
oak-hickory 
forest 
cropland, 
grazing, small 
area of 
deciduous 
forest 
Northwest Iowa 
Loess Prairies 
Missouri elevation 
366-488 m 
relief 30-61 m 
moderate to 
thick loess 
over clay 
loam till 
bluestem 
prairie 
cropland, 
grazing 
Western 
Southern Iowa 
Drift Plain 
Mainly 
Missouri 
elevation 
305-457 m 
relief 30-91 m 
thick loess bluestem 
prairie, oak-
hickory forest 
cropland, 
grazing, small 
area of 
deciduous 
forest 
Ten low-gradient small streams with drainage area less than 90 km^ were selected (Table 2). 
Two streams were chosen in each of five subecoregions (Figure 3). Rock, Three Mile, and Seven Mile 
creeks flow into the Missouri River drainage, while the other seven belong to the Mississippi River basin. 
Five 50-m stream sections were chosen in each stream as sampling units. Except for one 
tributary site in the downstream area of Powell Creek, sampling sites were located on the main channel 
(Figure 4). Because of the streams' small drainage area, some sampling sites were located in 
intermittent channels; however, perennial flow was found in all stream sections throughout the 
sampling period. All sites were located away from habitat disturbance associated with bridges. 
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Table 2. Genera! characteristics often study streams. 
Stream County Subecoregion Drainage area Gradient Agriculture 
(km^) (m/km) landuse (%) 
Rock Cherokee Northwest Iowa 
Loess Prairie 
67.8 0.8 98 
Powell Buena Vista Northwest Iowa 
Loess Prairie 
28.2 1.4 93 
Beemis Floyd lowan Surface 52.1 1.5 98 
4 Mile Tama lowan Surface 54.6 1.2 98 
Walnut Story Des Moines 
Lobe 
42.4 1.6 96 
Bear Hamilton & Story Des Moines 
Lobe 
72.6 1.3 97 
*3 Mile Adair & Union Western 
Southern Iowa 
Drift Plain 
45.4 1.3 98 
* 7 Mile Cass Western 
Southern Iowa 
Drift Plain 
75.1 1.3 98 
* Walnut Jasper Western 
Southern Iowa 
Drift Plain 
52.1 2.1 96 
* Buck Poweshiek Western 
Southern Iowa 
Drift Plain 
86.8 0.8 93 
* drainage area of the lowest sampling site; the drainage area of the whole stream is larger than the 
value shown in the table. 
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Figure 4. Drainage map and sampling sites in Bear Creek, a typical stream. 
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MATERIALS AND METHODS 
Fish Data 
The 1981-1984 state fish survey 
A 1981-84 state fish survey was conducted by the Department of Animal Ecology of Iowa State 
University (ISU) in wadable stream sections throughout Iowa. This survey was conducted primarily 
from June through August in each year. 
Fish samples were collected by seine, backpack electrofisher, or both. No block nets were 
placed in the stream sections during fish sampling. The sampled length of stream sections was varied. 
In general, sampling ceased when the survey crew judged that no additional species could be 
captured. Semi-quantitative data included species composition and approximations of numerical 
abundance of each species, which were available from the Department. 
A total of 230 fish collection records were selected from the core area of five major 
subecoregions (Figure 3). As determined from state survey field notes, these stream sections were 
located within the typical landscape and landuse portion of each subecoregion. The drainage areas of 
the selected stream sections were less than 102 kml Records from inlets or outlets of lakes were 
excluded to avoid lentic species strays. The species presence/absence (P/A) database of the 1981-
1984 fish survey was used for this study. 
The 1992 fish collections 
Late May-June (early summer) and late July-August (late summer) fish collections of 1992 
were selected for this study. Block nets (length: 9 m; depth: 1.8 m; mesh size: 3.1 mm) were placed on 
the upper and lower ends of each 50-m stream section before sampling to prevent fish escape. Fishes 
were first collected by four seining passes (length: 4.5 m; depth: 1.2 m; mesh size: 3.1 mm) and 
followed by one round of an upstream electrofishing pass with a Smith-Root 15-B electrofisher. To 
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increase sampling completeness, fishes were also collected from the downstream block net. The 
seining, electrofishing, and downstream collections were combined as a seasonal collection for each 
stream section. 
All fish collections were preserved in 10% formalin and returned to the laboratory for 
identification. Each specimen was identified by species. For comparability with the 1981 -1984 data set, 
the 1992 species P/A data of adult fishes were used. 
Statistical Analyses 
Fish similarity among landscape units 
The species composition of the 1981-84 state survey data was organized according to major 
river basin and to subecoregion. For each area, species were divided into two groups - common and 
rare. The rare species were those represented in less than 5% of all collections, while the common 
species were those that occurred in more than 5% of the 230 collections. Among the total of 50 
species, 28 common species and 22 rare species were identified. 
The mean numbers of total, common, and rare species per site were compared between 
major river basins and among subecoregions using analysis of variance (ANOVA). Duncan's multiple 
range test was used to compare the differences among subecoregions. 
General faunal similarity The Sorenson index is suggested as the best qualitative similarity 
index based on an extensive evaluation of similarity measures using an insect survey database (Smith 
1986 in Magurran 1988). Thus, the fish faunal resemblance between the two major river basins was 
examined by the Sorenson index (l\/lagurran 1988); 
C3 = 2j/(a + b) 
where j = species number found in both river basins, 
a = total species number found in river basin A, 
b = total species number found in river basin B. 
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Cg is 1 when the species in both basins are identical and 0 if the two drainage basins have no species in 
common. The Sorenson index was also used to compare the similarity offish composition between 
subecoregions. 
Multivariate analysis A two step multivariate analysis was also conducted to examine the 
variations offish community composition between river basins and subecoregions. First, P/A data were 
analyzed by factor analysis to reduce variable (fish species) dimensionalities. Rare species were 
excluded from this analysis because factor analysis tended to place disproportionate weighting on 
them. Thus, comparisons were made for the 28 common species. 
Factor analysis generates several factors for each site where each factor is a linear composite 
of variables. Factor loading was assigned to each variable (species) to indicate the correlation between 
the variable and the composite factor. Factor interpretation is easier when some variables have a very 
high loading, and others have a near-zero loading. Thus, a varimax rotation, an orthogonal linear 
transformation, was performed on the factor solution to better achieve that condition (Johnson & 
Wichern 1982). After the rotation, those factors with an eigenvalue greater than one were retained for 
further analysis. Scores of each retained factor were then estimated for each site. Finally, multiple 
analysis of variance (MANOVA) was performed on the factor scores to determine the magnitude of 
difference between river basins. 
The differences in headwater fish communities among five subecoregions were examined by 
the same approach but with the subecoregions as the treatment in the MANOVA procedure. Moreover, 
the dissimilarity of community composition among subecoregions was estimated and compared by 
computing the distance between subecoregions using the mean scores of ail selected factors by the 
following formula: 
D = [(A,- B,)^ +(A,- + +(A.-
where 
D = distance bet/>/een t/zo subecoregions 
A| = mean I factor score of subecoregion A 
B| = mean I factor score of subecoregion B. 
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Representativeness of the 1992 fish samples 
The 1992 fish collections were compared with the 1981-1984 database by each river basin and 
by each subecoregion. To determine faunal similarity between the two data sets, the Sorenson index 
was chosen (Magurran 1988). The June and August 1992 fish collections were separately compared 
with the earlier records. The Sorenson index was also used to compare faunal similarities between two 
summer fish collections of 1992. 
A three-step analysis was conducted to determine if the 1992 collections were representative, 
in comparison with distributions found for 1981-1984 data. First, the proportional occurrence of each 
species in the basins and subecoregions was calculated using the state survey data. Then, each 
species was placed into one of three frequency of occurrence groups: 76-100% (dominant group), 10-
75% (common group), and less than 10% (uncommon group). Finally, the 1992 species list was 
inspected for each season to determine the correspondence with the three occurrence groups for each 
river basin and subecoregion. 
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RESULTS 
Fish Similarities Among Landscape Units 
General faunal similarity 
River basin analysis In total, there were 50 species in the state fish survey collections 
(Table 3). Forty-eight species belonging to nine families were recorded for the Mississippi River basin. 
The dominant family was Cyprinidae with 19 species represented. Three cyprinids; bluntnose minnow 
(Pimephales promelas). creek chub (Semotilus atromaculatus). and bigmouth shiner (Notropis 
dorsalis). occurred at more than 80% of the 164 sites. Over half (56%) of the species were found at 
less than 10% of the 164 sites. 
In the Missouri River Basin, 31 species from seven families were identified (Table 3). The most 
abundant family was Cyprinidae, w/ith 16 recorded species. As in the Mississippi drainage, the creek 
chub and bigmouth shiner were widely distributed. The fathead minnow (Pimephales promelas) 
occurred in close to 90% of the 66 sampling sites, while the distribution of the bluntnose minnow was 
relatively restricted. Fourteen species (45%) were collected at less than 10% of the 66 sites. 
The Sorenson index was 0.73 for the species similarity between the two river basins. Twenty-
nine species were shared between them. With the exception of the flathead chub (Hvbopsis gracilis) 
and emerald shiner (Notropis atherinoidesV all the recorded species in the Missouri River basin were 
found in the Mississippi River drainage. In contrast, 17 species recorded in the Mississippi River basin 
were not collected in the Missouri River basin. 
A greater mean number of total species per site was found in the Mississippi River drainage 
(9.3, n = 164) than in the Missouri River basin (6.6, n = 66) (F^ 228 34.94, p < 0.0001). Similarly, a 
greater mean number of common species per site was found in the Mississippi River basin (8.9) than in 
the Missouri River basin (6.1) (F^ 228 45.34, p < 0.0001). There was no difference in the mean total 
number of rare species per site between the two major river basins (Mississippi:0.35, Missouri:0.49, p > 
0.05). 
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Table 3. Frequencies of occurrence offish species in the 1981-1984 Iowa survey and species 
presence/absence in the 1992 collections, with four digit species codes listed in Appendix A. 
Fish species 
1992 (n = 35) 
June August 
Mississippi Basin Missouri Basin 
State Survey (%) 
(n = 164) 
1992 (n = 15) 
June August 
State Survey (%) 
(n = 66) 
Clupeidae 
GZZD 1.2 
Esocidae 
NRPK 4.3 3.0 
Catostomidae 
BMBF 
QBCK 
RVCK 
GDRH 
SHRH 
NHSK 
WHSK 
2.4 
6.1 
1.8 
7.3 
0.6 
9.7 
59.1 
10.6 
1.5 
21.2 
Cyprinidae 
CTSR 
CARP 
FHMN 
BNMN 
SKMN 
BSMN 
CKCB 
FHCB 
HHCB 
GDSN 
EMSN 
CMSN 
BMSN 
RDSN 
RFSN 
SFSN 
SNSN 
TPSN 
RNSN 
BKDC 
RBDC 
55.5 
14.6 
63.4 
80.5 
15.9 
24.4 
84.8 
25.0 
1.2 
65.2 
80.5 
18.3 
7.3 
24.4 
31.7 
0.6 
2.4 
49.4 
22.6 
22.7 
13.6 
89.4 
9.1 
21.2 
13.6 
92.4 
13.6 
1.5 
1.5 
13.1 
86.4 
36.4 
1.5 
31.9 
4.5 
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Tables. (Continued) 
Mississippi Basin Missouri Basin 
1992 (n = 35) State Survey (%) 1992 (n = 15) State Survey (%) 
Fish species June August (n = 164) June August (n = 66) 
Ictaluridae 
CNCT 3.0 4.5 
BKBH * * 27.4 * * 40.9 
YWBH . . 6.7 * 
TPMM 2.4 
SCAT 1.8 * * 3.0 
Centrarchidae 
LMBS • 3.7 * 6.1 
SMBS * * 4.9 
RKBS 1.2 
WTCP 1.2 
BKCP 0.6 1.5 
BUGL 4.3 * * 7.6 
GNSN * * 32.9 * * 15.2 
OSSN 1.8 1.5 
Percidae 
YWPH * 3.0 1.5 
BKDR 2.4 
JNDR * * 54.9 * * 12.1 
lADA 1.2 
FTDR * * 10.4 
Cyprinodontidae 
BSTM 0.6 
Gasterosteidae 
STIK * * 7.3 9.1 
Total Species 23 . 26 48 22 17 31 
Subecoregion analysis The highest and lowest recorded numbers of species were in the 
DML (37) and NILP (21), respectively (Table 4). The fish composition in all subecoregions was 
dominated by cyprinids, with creek chub and bigmouth shiner widely distributed in ail subecoregions. 
Three to seven species were found widely distributed (>76% occurrence) in each region. Close to 60% 
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Table 4. Frequencies of occurrence offish species in the 1981-84 state survey and presence/ 
absence of fish species in the 1992 collections from each subecoregion, with four digit 
species codes listed in Appendix A. 
NILP DML IS WSIDP ESIDP 
Fish species J A S(n = 19) J A S(n = 76) J A S(n = 56) J A S(n = 47) J A S( = 32) 
(%} (%) 
Clupeidae 
GZZD 6.3 
Esocidae 
NRPK 5.3 
Catostomidae 
BMBF 12.4 
QBCK 3.9 3.5 3.1 
RVCK 1.8 14.8 6.3 
GDRH 2.6 * * 16.1 2.1 3.1 
SHRH 1.8 
NHSK * 5.3 H 21.4 
WHSK * * 57.9 * 52.6 * * 78.6 * 6.4 40.6 
Cyprinidae 
CTSR * * 63.2 * 40.8 * * 91.1 * 6.4 * * 28.1 
CARP * 5.3 15.8 * 7.1 17.0 25.0 
FHMN * •* 89.5 * 64.5 « * 51.8 * * 89.4 * * 81.3 
BNMN * H 21.1 * 82.9 * 80.4 * * 4.3 ' * 75.0 
SKMN * * 3.9 * * 12.5 * * 29.7 * * 50.0 
BSMN 21.1 * 30.3 16.1 * 10.6 25.0 
CKCB * * 94.7 * * 78.9 * * 89.3 * 91.5 * * 91.5 
FHCB 10.5 14.9 
HHCB 6.6 52.0 2.1 21.9 
GDSN 2.6 
EMSN 2.1 
CMSN * * 36.8 * • 60.5 • * 87.5 * 6.4 37.5 
BMSN * 89.5 * 78.9 * * 82.1 * * 85.1 * * 81.3 
RDSN * * 21.1 * * 5.3 * * * * 42.6 * * 81.3 
RFSN 9.1 
SFSN * 35.5 * * 19.6 2.1 6.3 
SNSN * * 84.2 * * 38.2 * * 14.3 * * 80.9 * * 48.9 
RNSN 7.1 
BKDC * * 10.5 * 51.3 * * 69.6 2.1 9.4 
RBDC * * 1.3 * * 64.3 
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Table 4. (Continued) 
NILP DML IS WSIDP ESIDP 
Fish species J A S(n = 19) J A S(n = 76) J A S(n = 56) J A S(n = 47) J A S(n = 32) 
m (%) 
Ictaluridae 
CNCT 2.6 6.4 9.4 
BKBH * * 36.8 * * 2.6 14.3 * 42.6 * * 31.3 
YWBH * * 35.5 5.4 * 18.8 
TPMM 2.6 3.6 
SCAT * * 5.3 2.6 1.8 2.1 
Centrarchidae 
LMBS * * 8.5 18.8 
SMBS * * 1.3 12.5 
RKBS 3.6 
WTCP 1.3 3.1 
BKCP 1.3 2.1 
BUGL 1.3 * * 10.6 18.8 
GNSN * 5.3 * * 25.0 * * 33.9 * * 19.1 * 50.0 
OSSN 5.3 2.6 17.9 
Percidae 
YWPH * 5.3 6.6 
BKDR 3.9 
JNDR * * 42.1 * * 48.7 
lADA 2.6 
FTDR 1.3 
Cyprinodontidae 
BSTM 
Gasterosteidae 
STIK * * 31.6 6.6 
* * 76.8 * * 31.3 
* * 28.6 
1.8 
* * 12.5 
Total Species 1819 21 1516 37 20 20 34 1810 26 1011 28 
NILP = Northwest Iowa Loess Prairie, 
DML = Des Moines Lobe, 
IS = lowan Surface, 
ESIDP = Eastern Southern Iowa Drift Plain, 
WSIDP = Western Southern Iowa Drift Plain, 
J = June 1992; n=10, 
A = August 1992; n=10, 
S = 1981-1984 state fish survey. 
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(22 of 37) of the fish species in the DML were found sporadically, in less than 10% of the 76 sites. The 
Sorenson similarity index values between subecoregions ranged from 0.58 to 0.82 (Table 5). The 
highest similarity measures (0.82) were identified between the IS and DML, both entirely within the 
Mississippi basin. The lowest similarity was found between the IS and NILP, an interbasin comparison. 
Both the mean number of total and common species per site differed significantly among 
subecoregions (F^ 225= 17.6 and F4 225 = 21.48, respectively) (Table 6). The mean number of rare 
species per site did not differ significantly among subecoregions (p < 0.05). The greatest mean 
numbers of total and common species per site were collected in the IS, and the least were found in the 
WSIDP. 
Multivariate analysis Twenty-eight common species were selected for factor analysis. The 
first ten factors generated by factor analysis accounted for 66.4% of the common variance in the data 
set (Table 7). The ten species prominent in the first two factors explained 24% of total variance. The 
mean, standard error, and coefficient of variation (CV) of these factor scores for two river basins and 
five subecoregions are listed in Table 8. 
Table 5. Sorenson similarity index comparisons of fish species in five subecoregions of the Iowa 
portion of the Western Corn Beit Plains Ecoregion. 
Subecoregion IS DML ESIDP NILP 
DML 0.82 
ESIDP 0.70 0.74 
NILP 0.58 0.62 0.61 
WSIDP 0.60 0.70 0.77 0.68 
NILP = Northwest Iowa Loess Prairies, 
DML = Des Moines Lobe, 
IS = lowan Surface, 
ESIDP = Eastern Southern Iowa Drift Plain, 
WSIDP = Western Southern Iowa Drift Plain. 
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Table 6. Mean number of total species, common species, and uncommon species per site of 
headwater fishes in five Iowa subecoregions. 
Mean IS ESIDP DML NILP WSIDP 
total species 10.9 9.3 8.2 7.4 6.0 
common species 10.5 8.9 7.8 7.1 5.6 
uncommon species 0.38 0.38 0.42 0.32 0.44 
Horizontal lines indicate means which are not significantly different (p > 0.05; Duncan's multiple range 
test) 
The MANOVA results identified significant differences between the two major basins (Wilks* 
Lambda = 0.46, p < 0.0001) and among the five subecoregions (Wilks' lambda = 0.11, p < 0.001) 
based on the ten factors. 
The dissimilarities (distance) of fish distribution among subecoregions were calculated based 
on the mean scores of 10 factors (Table 9). The least distance among headwater fish composition was 
identified between the IS and DML, and between the NILP and WSIDP, while the greatest distance was 
found between the IS and WSIDP and between ESIDP and NILP. In some cases, there was a stronger 
interbasin similarity than intrabasin similarity (e.g., between the DML and NILP, and between the ESIDP 
and WSIDP). 
The ten factors are useful in understanding species distributional associations, as follows: 
Factor 1 (white sucker, central stoneroller, bluntnose minnow, common shiner, blacknose dace, 
southern redbelly dace, johnny darter). The seven species prominent in the first factor appeared more 
frequently in the Mississippi River basin than in the Missouri River drainage (Tables 7 & 8). These 
seven species were generally concentrated in northeastern and northcentral Iowa, especially the IS, 
while they rarely occurred in the southwestern portion of the state, the WSIDP. A clear distinction of 
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Table 7. The first ten factors and their factor loadings. 
Factors 
Fish Species 1 2 3 4 5 6 7 8 9 10 
QBCK 0.84 
GDRH 0.82 
NHSK 0.79 
WHSK 0.74 
CTSR 0.62 
CARP 0.74 
FHMN 0.76 
BNMN 0.67 
SKMN 0.51 
BSMN 0.54 
CKCB 0.71 
HHCB -0.56 
CMSN 0.62 
BMSN 0.79 
RDSN 
RFSN 0.82 
SFSN 0.82 
SNSN 0.54 
BKDC 0.68 
RBDC 0.54 
BKBH 0.62 
YWBH 0.88 
LMBS 0.64 
BUGL 0.77 
GNSN 0.64 
JNDR 0.80 
FTDR 
STIK 
eigenvalue 4.1 2.6 1.8 1.7 1.6 1.6 1.5 1.4 1.2 1.2 
% of cunnulative 14.5 23.7 30.0 36.1 42.1 47.5 52.9 57.9 62.1 66.4 
variance 
Note; Only factor loadings greater than 0.5 are shown. 
Four digit fish codes are listed in Appendix A. 
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Table 8. Mean factor scores and absolute coefficient of variation (CV) of selected factors by river 
basin and subecoregion. 
Mean Factor Scores (CV) 
Factors Mississippi River Basin Missouri River Basin 
1 0.39 (232) -0.87 (69) 
2 0.02 (5596) -0.05 (538) 
3 0.03 (3571) -0.06 (2062) 
4 -0.05 (1916) 0.12 (737) 
5 -0.13 (742) 0.29 (345) 
6 -0.13 (768) 0.31 (241) 
7 0.17 (663) -0.38 (121) 
8 0.06 (1661) -0.12 (915) 
9 0.12 (897) -0.28 (203) 
10 0.07 (1777) -0.14 (315) 
Subecoregion 
Factors IS DML ESIDP NILP WSIDP 
1 0.95 (84) 0.18 (422) -0.27 (303) -0.23 (255) -1.15 (21) 
2 0.54 (307) -0.26 (284) -0.25 (166) -0.09 (252) -0.02 (1467) 
3 -0.18 (407) -0.07 (1032) 0.61 (225) -0.02 (4459) -0.08 (1536) 
4 -0.08 (1079) -0.22 (524) 0.22 (443) 0.13 (412) 0.27 (321) 
5 -0.29 (268) -0.20 (519) 0.51 (198) 0.07 (1200) 0.29 (366) 
6 -0.39 (284) 0.17 (597) -0.27 (368) 0.77 (107) 0.08 (796) 
7 -0.24 (438) 0.74 (130) -0.58 (123) -0.40 (120) -0.35 (134) 
8 -0.04 (1911) -0.05 (1351) 0.55 (276) -0.73 (89) 0.05 (2472) 
9 -0.03 (3582) 0.07 (1004) 0.59 (284) -0.60 (69) -0.23 (154) 
10 -0.29 (370) 0.11 (876) 0.61 (243) -0.28 (202) -0.12 (325) 
this association between river basins was also indicated by the low factor CV values. The southern 
redbelly dace was not collected in the Missouri River basin (Table 4). 
Factor 2 (goiden redhorse, northern hog sucker, rosyface shiner). The northern hog sucker 
and rosyface shiner were not recorded in the Missouri headwaters (Tabie 4). The golden redhorse also 
demonstrated a higher occurrence in the headwaters of the Mississippi River basin. These three 
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Table 9. Calculated distance between subecoregions based on the mean scores of selected factors 
Subecoregion IS DML ESIDP NILP 
DML 1.65 
ESIDP 2.26 2.04 
NILP 2.04 1.76 2.36 
WSIDP 2.35 1.91 1.73 1.47 
species were mainly encountered in the IS, especially the rosyface shiner. However, high factor CV 
values suggested that these three species exist sporadically in the Mississippi headwaters (Table 8). 
Factor 3 (carp, brassy minnow, largemouth bass). These three species were distributed in the 
headwaters of both major river basins, with a relatively greater appearance in the Mississippi drainage 
(Table 4). A strong presence of largemouth bass In the southeastern Iowa may have generated the 
positive mean score for the ESIDP (Table 8). 
Factor 4 (creek chub, bigmouth shiner). Although distributed ubiquitously in both basins, these 
two species were more frequently found in the Missouri drainage (Table 4). Regionally, they were the 
least common in streams of the IS and DML. 
Factor 5 (black bullhead, sand shiner, suckermouth minnow). All three species occurred in 
both basins (Table 4). The black bullhead and sand shiner may be the determinants for the positive 
score in the Missouri River basin be cause the suckermouth minnow was more commonly found in the 
Mississippi drainage. The sand shiner displayed a stronger presence in western Iowa. The black 
bullhead was mainly collected in southern and northwestern Iowa, the ESIDP, NILP, and WSIDP. The 
suckermouth minnow distribution centered on the ESIDP. 
Factor 6 (hornyhead chub, fathead minnow). These species occurred in both basins (Table 4). 
The fathead minnow existed moderately in the Mississippi River basin, but was widely distributed in the 
Missouri drainage. Few fathead minnows were found in the IS and DML. The hornyhead chub 
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exhibited a greater occurrence in the Mississippi River basin, particularly in the IS. 
Factor 7 (spotfin shiner). This species occurred almost exclusively in the Mississippi 
headwaters, especially the DML (Table 4). 
Factor 8 (bluegill, green sunfish). These centrarchids were found in both basins (Table 4). 
The bluegill was distributed mainly in southern Iowa, especially in the WSIDP. The green sunfish was 
commonly present throughout Iowa except for the northwestern region. However, the green sunfish 
may have played a stronger role in determining the positive mean score for the Mississippi River 
drainage (Table 8). 
Factor 9 (yellow bullhead). This fish was reported exclusively in the Mississippi basin (Table 4). 
Greater collections of this species were made in northcentral Iowa than in other parts of the state. 
Factor 10 (quiilback carpsucker). This species was exclusively, but uncommonly, collected in 
the Mississippi basin (Table 4). 
Representativeness of the 1992 Fish Samples 
Basin analysis 
Forty-eight fish species were collected in the Mississippi River basin in the 1981-1984 state 
survey, while 31 species were recorded in Missouri River basin (Table 3). The 1992 collections from 
seven streams in the Mississippi River basin and three streams from the Missouri River basin included 
26 species and 22 species, respectively. 
A Sorenson similarity index greater than 0.85 in both river basins demonstrates a high 
resemblance in fish fauna between the two seasonal samples of 1992 (Table 10). Within-basin 
similarity index values ranged from 0,65 to 0.71 for comparisons between 1992 and earlier collections. 
Nineteen of 20 previously dominant or common species in the Mississippi River basin were 
collected in 1992 (Table 3, Figure 5). A species whichoccurred commonly in the 1981-1984 state 
survey, the hornyhead chub, did not appear in the 1992 collections. Although the hornyhead chub 
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Table 10. Sorenson similarity index between 1981 -1984 Iowa fish sun/ey and 1992 collections for the 
Mississippi and Missouri river basins. 
1980's survey vs. 
River Basin June vs. August 1992 June 1992 August 1992 
Mississippi 0.90 0.65 0,70 
1980's (n = 164) 
1992 (n = 35) 
Missouri 0.87 0.75 0.71 
1980's (n = 66) 
1992 (n = 15) 
occurred in 25% of the earlier collections, it has a spotty distribution, occurring primarily in the lowan 
Surface. Among 28 uncommon species taken in 1981-1984 in the Mississippi basin, seven were again 
collected in 1992. Thus, the 1992 Mississippi basin collections included 95% of the dominant or 
common species and one-fourth of the uncommon species in the previous samples. 
Among the 16 fishes collected commonly in the Missouri basin samples of the statewide 
survey, 14 were also found in the 1992 collections. The flathead chub, a southwestern species, has a 
restricted distribution range in Iowa, and is not known to occur in the drainages sampled in 1992. The 
river carpsucker generally occurs more frequently in small rivers than in headwaters. The 1992 
Missouri basin samples did not include 10 uncommon species represented in the wider survey but 
included five other uncommon forms (Table 3, Figure 5). Thus, the 1992 Missouri basin collections 
recorded 88% of the previously dominant or common species, and one-third of the rare species. 
Subecoregion analysis 
The number of species collected in the 1981-1984 state fish survey and 1992 collections 
ranged from 21 to 37 and 12 to 22 in the subecoregions, respectively (Table 4). The Sorenson 
similarity value between the two 1992 seasonal fish collections varied from 0.71 to 0.90 (Table 11). 
MISSOURI RIVER BASIN MISSISSIPPI RIVER BASIN 
Number of fish species Number of fish species 
10-75% <10% 76-100% 
30 
25 
20 
15 
10 
5 
0 
<10% 10-75% 76-100% 
Frequency of occurrence groups Freqrency of occurrence groups 
Figure 5. Correspondence of fish species in 1992 collections with three frequency of occurrence groups of the 1981 -1984 state survey 
the river basins. 
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The values indicate that a high similarity in the fish fauna exists between the two seasonal collections. 
The Sorenson similarity value ranged from 0.50 to 0.82 in comparing the 1992 seasonal 
collections and earlier survey (Table 11). Similar comparative index values were found between 
seasonal collections except in the WSIDP. The low August value for that subecoregion may have 
resulted from shallow water depth in Three Mile Creek (August mean = 13 cm, other nine stream mean 
= 19 cm). 
The Northwest Iowa Loess Prairies (NILP) demonstrated the highest similarity among the five 
ecoregions between the 1992 and the 1981-1984 collections (Table 11, Figure 6). Fourteen of 15 
species that were commonly collected in the statewide survey were also found in Rock and Powell 
creeks during 1992 (Table 4). Only two uncommon species, northern pike and orange spotted sunfish, 
collected in the survey were not taken in the 1992. Additionally, four other uncommon species not 
Table 11. Sorenson similarity index between the 1981 -1984 Iowa fish survey and the 1992 collections 
for each subecoregion. 
1980's survey vs. 
Subecoregion June (n=10) vs. August (n=10) 1992 June 1992 August 19^2 
Northwest Iowa Loess 0.81 0.82 0.80 
Prairies (n = 19) 
Des Moines Lobe 0.90 0.58 0.60 
(n = 76) 
lowan Surface 0.90 0.66 0.67 
(n = 56) 
Western Southern Iowa 0.71 0.73 0.50 
Drift Plain (n = 47) 
Eastern Southern Iowa 0.71 0.53 0.56 
Iowa Drift Plain (n = 32) 
NORTHWEST IOWA LOESS PRAIRIES DES MOINES LOBE lOWAN SURFACE 
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Figure 6. Correspondence offish species in 1992 collections with the three occurrence groups of the 1981-1984 state survey in each 
subecoregion. 
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taken earlier were collected in 1992. Thus, about 93% of the dominant or common species and 67% of 
the uncommon species in the earlier survey were collected in 1992. 
The 1992 collections in the Eastern Southern Iowa Drift Plain (ESIDP) showed the lowest 
similarity to the previous statewide survey among the five subecoregions (Table 11, Figure 6). Twelve 
of 20 species commonly encountered in the wider database were also recorded in 1992 (Table 4). 
Three species, the white sucker, common shiner, and johnny darter, were previously found commonly 
but were not reported in 1992. In addition, several common game species (i.e, the largemouth bass, 
yellow bullhead, and bluegill) found in the earlier collections were not collected in 1992. None of the 
eight uncommon species in the earlier samples were collected in 1992. Thus, the 1992 fish collections 
in Walnut-J and Buck creeks produced 60% of the dominant or common species found in the statewide 
survey but none of the uncommon species. 
Thirteen of 15 species in the Des Moines Lobe (DML) commonly found in the previous 
collections were recorded in Bear and Walnut-S creeks during 1992 (Tables 4, Figure 6). However, the 
carp, an introduced species, and the spotfin shiner were two previously common fish species but were 
absent in 1992. The 1992 samples reported four uncommon kinds, but did not include the other 18 
uncommon species in the earlier statewide survey. Thus, 87% of the dominant or common species 
and about one-fifth of rare species in the wider survey were accounted for in the 1992 fish collections. 
The 1992 collections in Beemis and Four Mile creeks of the lowan Surface (IS) contained 18 of 
23 dominant or common fish species of the 1980's (Table 4, Figure 6). Only two of 11 uncommon 
species, the carp and quillback carpsucker, were collected in 1992. The red shiner and largemouth 
bass were not reported in the earlier survey but were collected in 1992. Overall, approximately 80% of 
the headwater fishes commonly recorded in the earlier statewide survey and about 20% of the formerly 
uncommon species were also counted in 1992. 
Ten of 13 fishes found to be dominant or common in the 1980's were collected in Three Mile 
and Seven Mile creeks of the Western Southern Iowa Drift Plain (WSIDP) during 1992 (Table 4, Figure 
6). The 1992 samples also yielded six of 13 uncommon species recorded earlier but did not include 
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seven others. The yellow perch and johnny darter were not formerly reported but were found in 1992. 
Thus, the 1992 fish collections in the WSIDP recorded 77% of dominant and common species and 
46% of the uncommon species recorded in the 1981-1984 state survey. 
Overall, the 1992 fish samples recorded at least 60%, (with an average of 79%), of previously 
dominant or common headwater species found in the subecoregions, while less success was achieved 
in the uncommon group, ranging from 0% to 67%, with an average of 30%. 
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DISCUSSION 
Natural Variations of Fish Distribution 
Variations in species richness and composition of lotic fish communities naturally exist in the 
Iowa region of the WCBPE because of the distinctions in surface deposits. The soil of the northcentral 
Iowa region, the DML, has no loess content because of recent coverage by glaciers (Prior 1991) (Table 
1). The IS has a thin loess cover due to active erosion occurrences. Alternatively, the other areas are 
blanketed by a thick layer of loess-based soil because they were spared by the recent glaciers. 
Because of the easy erodibility of loess soil and a long period of erosion activity, areas of Iowa 
having thick loess deposits tend to be hilly, and their lotic habitats are characterized with turbid water 
and an unstable substrate composed chiefly of mud, clay, or sand (Menzel 1987). This habitat 
condition naturally limits lotic fish diversity to those species that are tolerant to habitat stresses of high 
turbidity and fine substrate. For example, greater numbers of species have been recorded historically 
from the IS (94) and DML (89), while fewer species have been reported for the NILP (57), ESIDP (61), 
and WSIDP (52) (Menzel 1987). 
Current Distribution Patterns of Headwater Fishes 
Menzel (1987) suggested that the fish composition and distribution in Iowa are shaped by the 
geology, topography, soils, vegetation, drainage network, and landuse of each topographic region. 
More than 150 years of agricultural modifications have resulted in differences between the headwater 
fish composition and distribution in the Iowa portion of WCBPE. Current patterns may have been 
generated by the interactions of geological characteristics, historical drainage connections, and human 
activities such as agricultural modifications and fish stockings. 
The headwater fishes have shown significant variations between major river basins and among 
subecoregions. A sharp interbasin distinction was identified consistently between the WSIDP and IS in 
the community composition of headwater fishes. A greater number of total species and a significantly 
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greater number of total species per site were collected in the IS (Tables 4,6). The ten species 
embraced by the first two factors also displayed a more widespread occurrence in the IS (Table 4). 
These fishes generally require medium to high water clarity and a stable substrate in their habitat 
(Pflieger 1975, Becker 1983, Menzel 1987). Two landscape contrasts between these two 
subecoregions may account for these differences. 
First, the WSIDP has a thick loess cover, while the IS has a thin loess deposit (Prior 1991). 
The typical and intense agricultural landuse of the WSIDP may intensify erosion-related habitat stress 
in its headwaters. In contrast, many tributaries of the Cedar River, the largest river basin in the IS, have 
had less change in water turbidity over years compared to other subecoregions despite agriculture 
being the primary landuse in this region (Menzel 1987). Second, during the dry season, many springs 
flowing into the Cedar River may maintain a higher and more stable water level in smaller streams than 
in the agriculturally altered WSIDP headwaters (Harlan et al. 1987). 
Two interbasin comparisons displayed higher similarity than some intrabasin comparisons. 
The thick loess cover in the ESIDP may be responsible for its higher similarity to the headwater fish 
assemblages in the WSIDP (Table 9). Because of the rolling terrain and deep loess deposits, small 
streams in both the ESIDP and WSIDP are characterized by turbid waters with a heavy load of silt and 
an unstable bottom comprised of silt, clay, or shifting sand. In contrast to the ESIDP and WSIDP, the 
DML and IS are covered by bare or thin loess-based soil. With intensive agricultural disturbances 
throughout state, the small streams in the DML and IS have relatively clearer water with coarser 
bottoms than the ESIDP and WSIDP. Therefore, the geological similarities and agricultural 
perturbations interact to generate a higher interbasin correspondence in headwater fish assemblages 
between the WSIDP and ESIDP. 
A past connection between the Missouri and Mississippi River basin may explain another 
interbasin resemblance between the NILP and DML in headwater fish composition (Table 9). This 
factor also resolves the dissimilarity in headwater fish communities between the NILP and ESIDP, 
considering both regions showed a strong resemblance to the WSIDP and both were covered by deep 
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loess-based soil. Some fish species from the upper Mississippi River system (i.e. the Minnesota and 
Des Moines rivers) entered the headwaters of the middle Missouri River drainage during flooding of 
rivers such as the Little Sioux, Vermillion, and James rivers (Cross et al. 1986). Bailey and Allum 
(1962) suggested that low divides between drainages and the lakes of glacial origin in eastern South 
Dakota and northwest Iowa may provide the means of dispersal. 
Human activities reveal distribution patterns of some game fish species in Iowa's headwaters. 
Both largemouth bass and bluegill exhibit a strong presence in southern Iowa headwaters (Table 4). 
The development of artificial impoundments, such as recreational lakes, farm ponds, and reservoirs 
has been centered in the southern part of state (Harlan et al. 1987). Bluegill and largemouth bass are 
two major sport fishes in these impoundments. Thus, these two game species enter the southern Iowa 
headwaters through escaping from the man-made impoundments when flooding occurs. 
Overall, a combination of basin history and landscape differences provide a natural foundation 
for the present distribution and diversity of headwater fishes in the Iowa portion of the WCBPE. Today, 
human activities play a profound role in regulating the distribution and composition of headwater fish 
communities within the state (Menzel 1987). In addition to urban and industrial chemicals, agricultural 
practices have markedly modified and changed the physical and chemical environments of small 
streams in Iowa. Artificial stocking and impoundment projects have also altered the distribution range 
of several game and forage fishes. These human practices have shaped the headwater fish 
composition or distribution in Iowa through habitat modifications or biological influences such as 
predation or competition. 
Contemporary distinctions in the headwater fish composition are generated mainly by those 
species displaying a northerly distributional range or habitat requirements for silt-free substrates, 
clearer, and cooler waters (Lee et al. 1981). These northern fish species are currently maintained in 
headwater regions where agricultural modifications may be less severe. Some examples are the 
common shiner, blacknose dace, southern redbelly dace, northern hog sucker, rosyface shiner, and 
the golden redhorse. On the other hand, some fishes adapted to warmer, more turbid waters, or lotic 
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habitats with unpredictable and unstable flow regimes have demonstrated a ubiquitous distribution 
within the Iowa portion of the WCBPE, e.g., creek chub, bigmouth shiner, and fathead minnow. In 
general, the distributions of these fish species are centered in the southern U.S. (Lee et al. 1981). 
A similar change in headwater fish communities was reported from neighboring agricultural 
states such as Illinois (Karr et al. 1985). Thus, if land-use and water-use tactics are maintained in the 
Iowa portion of the WCBPE, it can be generally predicted that northern fishes or those demanding 
clearer, cooler, and firm substrate waters may gradually decline. At the same time, fish species with a 
southern origin or those that express an ecological tolerance to turbidity, fine substrate, and flow 
variations may further strengthen their community prominence in small agricultural streams of the Corn 
Belt region. 
Representativeness of the 1992 Fish Samples 
When analyzing the structure of headwater fish communities, it is critical to capture the majority 
of fish species and in a proper order of abundance. However, because of the inconsistency in sampling 
techniques between the earlier survey and the 1992 fish collecti'ons, this comparison focused on the 
effectiveness of species detection. 
Limited samples and locations were needed to collect the commonly occurring species in the 
Iowa region of WCBPE. Utilization of one-fifth of the sampling sites (35 to 164 and 15 to 66) in each 
drainage, an average of 92% of the common or dominant species in the previous collections was found 
in 1992. The 1992 fish data recorded 56% (27 of 48) and 65% (20 of 31) of total species that 
previously were collected in the Mississippi and Missouri River basin, respectively. Additionally, 
similarity measurements were close to or over 0.70 between the two temporal fish collections in each 
basin. Moreover, several species did not recorded in the 1980's were collected in 1992. 
Employment often sites (two streams) in each of five subecoregions during 1992 yielded 
approximately 80% of dominant or common species and an average of 60% of total species in the 
earlier survey. A similarity measurement mean of 0.65 was found between two collections. 
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Overall, the 1992 fish collections tended to be more representative for river basins than for 
subecoregions, in comparisons with the 1980's state survey. The fish collections from the ten streams 
underrepresentthe total number of species in the earlier survey but reasonably reflected the dominant 
or common species. Thus, the 1992 fish data set is useful for investigating the associations between 
the headwater fish communities and environmental components in the Iowa region of the WCBPE. 
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SECTION II 
ASSOCIATIONS OF WATERSHED, HABITAT, AND FISH COMMUNITY FEATURES 
IN SMALL AGRICULTURAL STREAMS OF IOWA 
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INTRODUCTION 
The connections between the terrestrial environment and aquatic habitat in a watershed have 
been well recognized (Vannote et al. 1980). In the last two centuries, alterations of the land for 
agricultural food production have increased to accommodate human population growth. Consequently, 
because agricultural modifications have rigorously changed the physical and chemical aspects of the 
terrestrial environment, the ecological integrity of lotic systems has also been seriously damaged. 
The environmental impacts of agricultural practices on stream systems are generally known, 
however, many regional problems remain to be recognized, investigated for causal associations, and 
corrected through appropriate consen/ation practices (Menzel 1983, Menzel et al. 1984). This is 
especially critical for the former tallgrass prairie region of the midwestern United States because of the 
presence of intensive agricultural land use primarily involving grain and livestock production. 
Land-water Associations in Headwaters 
Because of the close interactions with the terrestrial environment, smaller streams are more 
sensitive to agricultural manipulations than larger ones (Duttweiler and Nicholson 1983). In a stream 
network, headwaters and tributaries serve as collector, processor, transporter, and producer of 
numerous resources for the downstream waterbodies (Menzel et al. 1984). Thus, to remediate or 
protect habitat quality of downstream rivers or lakes, understanding land and water interactions in 
headwater watersheds is imperative. 
Despite the above general understanding, little detailed knowledge exists regarding the causal 
relationships between watershed features and aquatic habitat components in the small prairie streams 
after intensive agricultural disturbances. Additionally, comparisons of the associations between 
watershed features, physical habitat aspects, and water quality among small Midwestern agricultural 
streams have rarely been made. 
An ecological association comprising watershed aspects, aquatic habitat measures, and the 
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fish community parameters of 10 headwater streams in Iowa was conducted by Menzel et al. (1984). 
In association with agricultural channelization, the streams exhibited a simpler habitat structure of 
reduced pool-riffle developments, coarse substrate, and submerged macrophytes. More fish species 
and individuals, insectivore and lithophil species occurred in those streams with the least stream 
modification and better habitat quality. Nevertheless, watershed features have little involvement in this 
study. Additionally, this study was conducted in a local, four-county region having a high contrast of the 
agricultural modifications among watersheds. 
Guild Concept 
Investigations relating fish assemblages with environmental conditions have focused on 
species and individuals rather than ecological groups, such as guilds. Because guilds (functional 
groups) of lotic fish have been used increasingly for assessing the environmental quality of flowing 
waters, greater research efforts are required to understand their ecological significance (Karr et al. 
1986). 
The changes in fish guilds after agricultural disturbances have been examined in Midwestern 
headwaters. Karr et al. (1986) inspected nearly 150 years offish data from the headwaters of the 
Maumee River, Ohio, a 90% agricultural basin. Headwater invertivores, herbivores, and top carnivores 
have declined the most among five defined trophic guilds. Nevertheless, before agricultural 
modifications, the Maumee River basin was not a typical Midwestern prairie lotic system but rather a 
forested basin. 
Berkman and Rabeni (1987) sampled three Missouri agricultural streams and reported that 
benthic insectivores and herbivores within the riffle habitat were negatively correlated with the percent of 
fine substrate. A reproductive guild exhibiting a similar reduction is the simple, lithophilous guild which 
requires a clean gravel substrate for spawning. 
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Metrics in the Index of Biotic Integrity 
Karr (1981) developed the Index of Biotic Integrity (IB!) by using stream fish community features 
to assess the environmental quality of lotic systems (Table 1). Based on a scale of equal, little 
different, or greatly different from a reference standard, scores of 5, 3, and 1 are assigned for each 
metric, respectively. The IBI value is the sum of 12 metric scores. The higher the IBI score, the better 
the stream quality assignment. Following application across North America and worldwide, the IBI has 
been acknowledged as a sensitive, stable, and effective environmental index (Karr et al. 1987, 
Oberdorff and Hughes 1992). 
Due to species distributional range variations, lack of data such as hybrid proportions, or other 
reasons, some IBI metrics are frequently deleted, replaced, or increased to adjust for regional 
differences (Leonard and Orth 1986, Steedman 1988). Despite various IBI modifications, four IBI 
metrics are employed in virtually all applications. These are total species (metric 1), total number 
(#10), proportion of individuals as omnivores (#7), and proportion of individuals 
as insectivores or insectivore cyprinids (#8) (Table 1). 
Table 1. Metrics of the Index of Biotic Integrity (Karr et al. 1986). 
Category Metrics 
Species richness 
and composition 
Trophic composition 
Fish abundance and 
condition 
1. Total number offish species 
2. Number of sunfish species (Centrarchidae except Micropterus) 
3. Number of species in darter species (Percidae: Etheostominae) 
4. Number of sucker species (Catostomidae) 
5. Number of intolerant species 
6. Proportion of individuals as green sunfish (Lepomis cvanellus) 
7. Proportion of individuals as omnivores 
8. Proportion of individuals as insectivorous cyprinids 
9. Proportion of individuals as piscivores (top carnivores) 
10. Number of individuals in sample (catch per minute) 
11. Proportion of individual as hybrids 
12. Proportion of individuals with disease, tumors, fin damage, and 
skeletal anomalies 
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Regardless of the widespread use of the IBI, some basic and critical questions about it have 
remained unanswered. Fausch et al. (1990) listed nine primary underlying assumptions of the IBI 
concerning how stream fish communites change with environmental degradation. One critical 
assumption is that both total species and individuals offish communities decline after environmental 
quality degradation. For the two trophic metrics, Karr et al. (1986) posited that the proportions of 
individuals of insectivores and omnivores would respectively decrease and increase after artificial 
disturbances. Frequently, little consistency is evident between the final IBI score and trophic guild 
metrics (Angermeier and Karr 1986, Liang 1990). However, until today, few examinations have been 
made of these and other IBI assumptions. 
Iowa is an appropriate area for examining and comparing the associations between and among 
watershed, stream habitat, and fish community features in small agricultural streams. Mostly located in 
the Western Corn Belt Plains Ecoregion (WCBPE), Iowa is one of the most agriculturally-intensive and 
extensive states in the prairie region. Beginning in the mid-1800's, agricultural alterations of the lands 
and waters of Iowa intensified during 1900-1930, and are continuing today (Menzel 1981). Thus, many 
headwater streams have suffered from various magnitudes of agricultural stresses on their watersheds, 
aquatic habitats, and fish communities. 
To conduct a stream study in Iowa, the annual wet-dry cycle must to be considered. The rainy 
season in Iowa generally lasts from April to August, while the dry season ranges from October to March 
(Teigen and Singer 1989) (Figure 1). Because seasonal fluctuations of stream discharge change the 
habitat volume and complexity, species composition and the structure of headwater fish communities 
may vary seasonally. 
Menzel (1983) summarized the agricultural impacts on the physical, chemical, and biological 
components of Midwest headwater streams. Thus, the criteria to evaluate the stream habitat quality 
between Iowa headwaters have been qualitatively revealed (Table 2). Environmental and fish data 
were collected from 10 small agricultural streams in the Iowa region of the WCBPE. The following 
questions were asked: 
Average Precipitation in Iowa (cm) 
1992 
10 
0 
T, 
A 
Yi 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Month 
Figure 1. Mean monthly precipitation in Iowa during 1961-90 and 1992. 
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1. Which ecological groups offish communities are affected by the agricultural disturbances in 
small prairie streams? 
2. Can watershed features be related to the characteristics of instream habitat features and fish 
communities in the Midwestern headwaters? 
3. Can the dynamics of fish community features (Table 2) reflect the variations of stream habitat 
quality in the Midwest headwaters? 
Table 2. Quality indications of habitat and fish community features for midwestern headwater 
streams in agricultural watersheds (Menzel 1983, Karr et al. 1986). 
Quality ratings 
Features Better Poorer 
Habitat 
turbidity (suspended solids) lower higher 
nitrate-N lower higher 
ortho-P lower higher 
seasonal variation of discharge less more 
algal mats less more 
macrophytes more less 
physical habitat diversity higher lower 
streambank undercut more less 
coarse substrate more less 
Fish Community 
total species more less 
total abundance more less 
proportion of individuals as insectivores higher lower 
proportion of individuals as omnivores lower higher 
Three hypotheses were tested: 
1. The dominant fish species in the 10 streams are ecological generalists with characteristics of 
omnivory, tolerance to frequent flow extremes, high turbidity, simple habitat structure, and less 
selectivity to reproductive substrate, while the rare species are ecological specialists. 
2. The watershed features of landuse, soil type, and stream network in the streams are associated 
with the dynamics of stream habitat conditions such as nutrient content, turbidity, substrate 
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mixture, and aquatic vegetation and the variations offish communities such as species richness, 
numerical abundance, and proportions of insectivore and omnivore. 
3. Among the streams, fish communities of less species richness, fewer individuals, lower 
proportions of insectivores, and a greater proportion of omnivores exist in more degraded habitat 
conditions as evidenced by higher turbidity, higher nutrient content, fewer macrophytes, lower 
habitat diversity, and finer substrate. 
The objectives of this study were: 
1. To determine and compare the ecological characteristics among dominant, common, and rare 
species of 10 headwater fish communities in the Iowa region of the WCBPE; 
2. To determine the seasonal and annual associations between watershed features, aquatic habitat, 
and fish communities in the 10 streams, and make comparisons between the streams; and 
3. To examine the assumptions of four widely adopted IBI metrics through determining the seasonal 
and annual concordance between habitat quality and the dynamics of species richness, total 
individuals, and trophic guilds of headwater fishes. 
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STUDY AREA 
The majority of Iowa is located in the Western Corn Belt Plains Ecoregion (WCBPE). in 
Section 1, five major subecoregions in the Iowa portion of the WCBPE were defined based on landform, 
surface deposits, natural vegetation, and landuse (Figure 2). Headwater fish assemblage structure 
between these five subecoregions varied significantly (Section I). A major geological variation among 
these subecoregions is that the lowan Surface (IS) and Des Moines Lobe (DML) have shallow and no 
loess deposits, respectively, while the other three, the Western Southern Iowa Drift Plains (WSIDP), 
Eastern Southern Iowa Drift Plains (ESIDP), and Northwest Iowa Loess Prairies (NILP), have medium 
to thick loess covers. Because of the ready erodibility of loess soil and a long period of erosion activity, 
southern Iowa is generally more hilly than northern Iowa. Reflecting landform features, grazing 
landuse is substantial in the southern watersheds, while the northern drainage areas are dominated by 
rowcrop practices. 
Two streams were chosen in each subecoregion to represent typical headwaters and their 
watersheds. The fish assemblages in these ten streams were reasonably representative of the 
headwater fish communities in each subecoregion (Section I). Five 50-m stream sections were 
selected, primarily in the main channel, of each stream based on accessibility and field inspection 
(Figure 3). Sampling sites were chosen to include representative habitats such as riffle, pool, and run. 
The ten headwater streams are warmwater and are fed by surface runoff and tile-drain water. 
Extensive stream channelization has occurred over much of the region to enhance land drainage and 
to increase agricultural production. Many stream segments are directly bordered by cropland, pasture, 
or narrow grassy buffer strips. Riparian forest zones is typically absent or present in narrow widths. In 
addition, greater and wider riparian forest zones occur more commonly in downstream areas than in 
upstream sections. Sudden and extensive flooding is common after heavy rains. Surface runoff 
frequently transports high levels of sediment, agricultural chemicals, crop residue and livestock waste 
Northwest 
Iowa 
Loess 
Prairies' 
Des Moines Lobe 
lowan 
Surface 
© 
Western 
Southern 
Iowa Drift 
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Eastern 
Southern 
Iowa Drift 
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1. Rock Creek [RK] 
2. Powell Creek [PW] 
3. Beemis Creek [BM] 
4. Four Mile Creek [4M] 
5. Bear Creek [BR] 
6. Walnut Creek, Story County [WS] 
7. Seven Mile Creek (7M] 
8. Three Mile Creek [3M] 
9. Walnut Creek, Jasper County [WJ] 
10. Buck Creek [BK] 
Figure 2. Locations of the 10 streams (with stream abbreviations in brackets). 
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Figure 3. Drainage map and sampling s'rtes in Bear Creek, a typical stream. 
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materials from the land into the streams. Overall, the habitat conditions in the ten streams are 
generally of high nutrient content, frequent and unpredictable flow extremes, straightened channels, 
silt/sand substrates, and few snags or wooded debris. 
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MATERIALS AND METHODS 
Watershed Variables 
Watershed data were obtained from the Iowa State University Department of Animal Ecology 
Geographical Information System (GIS) laboratory and the University of Kansas GIS laboratory (Table 
3). Digitized landscape data sets were developed from aerial photographs (black and white, scale 
1:40,000,1990) and integrated using PC ARC/INFO software. 
Several watershed variables were computed for each sampling site to account for the 
differences of drainage networks, soil types, slope, and landuse patterns among the 10 streams. Each 
variable represented a particular feature in the entire area above the sites (Figure 3). 
Variables describing the watershed characteristics were: drainage density (stream length per 
unit drainage area), stream channel sinuosity, catchment slope, stream slope, total area of highly 
erodible land (HEL), and total area of hydric soil. Landuse variables were: total area of cropland, 
grazing land, forest land, water bodies (mainly farm ponds), and human properties (e.g., feedlots and 
farm buildings). 
Stream channel sinuosity and slopes were calculated and interpreted according to Gordon et 
al. (1992). Highly erodible land has been defined by the USDAin order to identify areas in which 
erosion control efforts should be concentrated (USDA1993). Hydric soils are soils that are saturated, 
flooded, or ponded long enough during the growing season to develop an anaerobic condition in the 
upper part (USDA 1993). A single watershed data set was employed. 
Stream Habitat Measurements and Fish Collections 
Field work was conducted in 1992. Fish collections and environmental measurements were 
made seasonally in late March-April, late May-June, late July-August, and October-November. The 
four sampling times represent the seasons of late winter-early spring, early summer, late summer, and 
early fall. Fish collections and habitat measurements were made in baseflow conditions during each 
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Table 3. Environmental data. 
Watershed Constants^ (11) 
drainage density 
stream channel sinuosity 
catchment slope 
stream channel gradient 
area of highly erodible land 
area of hydric soil 
area of: 
cropland 
grazing land 
forest 
water bodies 
human properties 
Water Quality Variables^ (9) 
conductivity 
turbidity 
PH 
nitrate-nitrogen 
orthophosphate 
total dissolved solids 
total alkalinity 
total hardness 
dissolved oxygen 
Physical Habitat Variables^ (16) 
wetted stream width 
water depth 
substrate composition 
(as proportion of bedrock, cobble, gravel, sand, clay, silt) 
coarse organic debris 
fine organic debris 
proportional coverage of macrophytes 
proportional coverage of algal mats 
proportion of channel canopy cover 
flow velocity 
streambank undercut volume 
wooded riparian zone width 
^ Factor not subject to seasonal variation, 1 datum/site 
^ Factor which changed constantly, 1 datum/site/season 
time period. 
Water quality 
During each seasonal visit to a sampling site, conductivity, turbidity, pH, and dissolved oxygen 
were monitored on-site with a HORIBA U-10 Water Checker (Table 3). Two sets of water samples 
were collected, with each set of water samples including three water collections taken separately at 
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upper, middle, and downstream locations within the 50-m site. One set was analyzed in a field 
laboratory within 24 hours for most water quality measurements. The other set was sent to the Kansas 
Biological Survey Water Quality Laboratory for nitrate-nitrogen (nitrate-N) analysis. The automated 
Cadmium Reduction Method was used to determine nitrate-N. 
In the field laboratory, orthophosphate (ortho-P) was measured with a Hach DR-100 phosphate 
colorimeter. Total dissolved solids were determined by a Myron L. (Model DP4) DS meter. Water 
samples were titrated within 24 hours to determine total alkalinity and total hardness. 
Site means of water quality variables were determined from the three water samples. Due to 
shortages or a malfunction of the analytical instruments, some measurements had incomplete data 
sets. In April, nitrate-N and total dissolved solids data were not recorded. Additionally, dissolved 
oxygen and pH were available only for Bear and the two Walnut creeks. In June, total dissolved solids 
data for Bear Creek were absent. 
Physical habitat variables 
Flow, channel, and riparian features were recorded seasonally for each stream site (Table 3). 
At each 50-m site, five permanent cross-sectional transects were established across the stream, about 
10 m apart. The wetted stream width was measured to the nearest 0.1 m along each transect with a 
Mound City standard telescoping fiberglass leveling rod. Substrate (bedrock, cobble, gravel, sand, 
hard clay/soft silt), benthic fine and coarse organic contents, and the coverages of macrophytes and 
benthic algal mats were visually determined and recorded at both banks and at one-fifth points, i.e., six 
points per transect. At the same six points, water depth was measured by a wood ruler. 
Channel canopy cover measurements were taken with a spherical densiometer along each 
transect at both banks and at the center of the stream. The flow velocity was measured with a Swoffer 
2100 current velocity meter along a fixed transect, about 5 m upstream of each sampling site. At least 
five cross-section flow measurements were made along the transect. 
Each streambank undercut was identified and measured for height, depth, and length. In early 
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spring, the wooded riparian zone width (from channel bank to the nearest farmland) was measured 
along five transects on each bank, perpendicular to the channel. 
The site means of width, depth, and flow velocity were calculated. Discharge was determined 
as the product of the site averages for these measures. Additionally, computations were made of the 
percentage of overhead cover, substrate particle size, coverage of macrophytes, coverage of algal 
mats, and fine and coarse organic particles on the stream bottom of each site. The volumes of all 
identified bank undercuts in each site were summed. The coefficient of variation (CV) of stream depth 
was calculated for each site as an indicator of habitat diversity. 
The five measurements of riparian forest width were averaged for each bank. The lower mean 
of riparian forest width between two stream banks was chosen as the width of minimum riparian forest 
zone of the sampling site. 
Fish sampling 
Fishes were collected by seining and electrofishing in tandem with an emphasis on seining. To 
prevent fish escape, 3.1 mm mesh block nets (length: 9 m, depth: 1.8 m) were placed at the upper and 
lower ends of each stream section before sampling. First, four rounds of seining (seine length: 4.5 m, 
depth: 1.2 m, mesh size: 3.1 mm) were made proceeding upstream in the first and third rounds, and 
downstream in the second and fourth rounds. One upstream backpack electrofishing pass was made 
immediately after seining with a Smith-Root 15-B electrofisher. Finally, to assure sampling 
completeness, fishes retained in the downstream block net were also collected. 
Fish collections were preserved in a 10% formalin solution and returned to the laboratory for 
identification. Each specimen was identified to species and age group (adult or juvenile), and 
measured to the nearest 0.1 cm for total body length. The group weight for each species was 
measured to the nearest 0.1 g. Species were assigned into four trophic guilds based on several 
literature references, including Starrett (1948,1950), Pflieger (1975), Karr etal. (1986), and Harlan et 
al. (1987) (Appendix B). 
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Data Analyses 
Ecological groups of headwater fishes 
Data on presence/absence of adults of each species were used for this analysis. A total of 200 
fish collections made over the four seasons was included, i.e., 50 samples in each season. 
A two-step analysis was conducted to reveal the sensitivity of the fish assemblages to 
agricultural disturbances. First, each species was assigned into one of three groups according to its 
frequency of occurrence. The dominant species included those which occurred in more than five 
streams for at least three seasons. Those species found in no more than three sites (5% of 50 sites) in 
all seasons were grouped into the category of rare species. Species other than the dominant and rare 
species were regarded as common species. 
The ecological characteristics of each species, including habitat requirements, trophic, and 
reproductive aspects, were determined from the literature (Pflieger 1975, Smith 1979, Becker 1983, 
Harlan et al. 1987). The ecological characteristics of the dominant and rare species were compared to 
determine the ecological aspects of fish communities that are sensitive to agricultural disturbances. 
Associations of watershed, stream habitat, and fish community features 
To investigate the concordance between environmental and fish community quality, stream 
means of watershed, habitat, and fish community features were calculated based on data from the five 
sampling sites. A principal component analysis (PCA) was performed on the stream means of 
watershed, habitat, and fish community variables to reduce the colinearity. Other statistical techniques 
included analysis of variance (ANOVA), analysis of variance with repeated measures (ANOVARM), 
Duncan's multiple range test, and Pearson correlation. The statistical difference between samples was 
considered significant at the 5% level (P = 0.05). All analyses were performed using the SAS program. 
61 
Data reduction, variable selection, and comparisons within and among streams 
Stream means were used in this study (n = 10). Thus, watershed and habitat variables were 
selected for the PCA to accommodate for the sample size. 
Watershed variables Data for each areal watershed variable were divided by total drainage 
area above each sampling site to obtain proportion areas (Table 3). Stream averages of all watershed 
variables were first compared among streams using an ANOVA. Watershed variables which 
significantly differed among streams were selected for the PCA to relate stream habitat and fish 
community variables. 
Habitat features To compare water quality between sites within each stream, an ANOVA 
was used. Annual and seasonal means and the coefficient of variation (CV) of physical and chemical 
habitat features within each stream were calculated. These statistics served as the basis of 
comparisons among streams. 
Instream habitat parameters were selected to focus on thosu variables reflecting agricultural 
disturbances and important in assessing the biotic integrity of headwater streams (Menzei 1983, Karr et 
al. 1986). Nine habitat variables were selected, including: turbidity: nitrate-N; orthophosphate; depth 
CV; discharge (m'/sec per 10 m stream length); streambank undercut volume; and proportional 
coverage of macrophytes, algal mats, and coarse substrate (cobble + gravel). The variations among 
streams, months, and interactions among streams and months were examined using an ANOVARM for 
these habitat variables. In addition, the stream variations of these habitat variables were also compared 
within each season using the ANOVA and Duncan's multiple range test. 
Fish variables Because the species are predominantly small fishes, fish abundance was 
represented by the total number of adults per 10 m stream length to avoid overweighting on the rare, 
larger individuals. This was validated for each species by strong correlations of total number of 
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individuals with total biomass (Pearson correlation, r = 0.85 to 0.97, P < 0.01). 
The species richness (number) and abundance data of adult fishes were used in this analysis. 
In April, June, and August, some electrofisher breakdowns occurred. In an effort to compensate for 
this, five passes of seining, rather than four, were made. Subsequent analysis revealed that this 
adjustment failed to fully compensate for the lack of electrofishing. Electrofishing contributed an 
average of 28% (n = 181) of the total collected individuals, while the fifth round of seining added only 
10% (n = 19). Thus, either inclusion or exclusion of seining-only samples would cause bias in the 
analyses. Using a complete data set, each stream would be evaluated and compared on an equal 
basis in terms of sample size, but sampling efficiency varied among fish collections. Notably, if the five-
seining samples were deleted, the streams would have been represented by uneven samples. 
Considering fishes may congregate in streambank undercut or other covers in small agricultural 
streams where seining is less effective, it was decided to exclude the seining-only fish samples. A total 
of 19 of the 200 fish samples was excluded (Table 4). 
Stream means of total species, total abundance, and proportions of individuals as omnivores 
and insectivores were examined by an ANOVARM to compare their differences by streams, seasons, 
and interactions between streams and seasons. Stream mean variations of these four community 
measures were compared by ANOVA and Duncan's multiple range test within each season. 
Data transformation Because data were not normally distributed, percentage data were 
transformed by arc sine square root, while the others were transformed into log (x + 1) (Snedecor & 
Cochran 1980). However, similar conclusions were derived after examining the ANOVA and 
ANOVARM results using both transformed and untransformed data sets. In addition, the transformed 
data were still not normally distributed, and explained slightly (1-3 %) more of the variance in the PCA 
results. Thus, because the calculations of the IBI score used untransformed absolute and percentage 
data, a statistical analysis 
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Table 4. Seasonal excluded and included samples. 
Excluded Included 
Month Number of Sites (Stream) Number of Sites(Streams) 
April 1 (Four Mile Creek) 44 (9) 
5 (Rock Creek) 
June 1 (Four Mile Creek) 49 (10) 
August 2 (Seven Mile Creek) 38 (9) 
3 (Three Mile Creek) 
2 (Bear Creek) 
5 (Buck Creek) 
October none 50 (10) 
was performed on the untransformed data set. 
Ecological associations of environmental and fish community features 
Associations of stream means of the watershed, habitat, and fish community measures were 
determined on seasonal and annual bases with PCA. Several principal components were generated 
by the PCA for each category of variable. Associations between principal components and individual 
variables were then determined by Pearson correlation analysis. An individual variable was considered 
to associate with a component if the correlation was significant (P < 0.05). 
A scree test was conducted to select the most meaningful principal components (Hatcher 
1994). Scree tests were performed by plotting the eigenvalues associated with each component and 
looking for a "break" between the components with relatively large eigenvalues and those with small 
eigenvalues. The components located before the break are assumed to be meaningful. Even though 
the SAS program can perform the scree test (p. 777, SAS manual version 6.04), it is considered a 
judgement-involved procedure. 
A Pearson correlation analysis was used to relate watershed and habitat components 
seasonally and annually. In addition, the correlations between habitat and fish components were also 
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determined by the same method. 
Based on the quality criteria exhibited in Table 2, between-stream comparisons of habitat 
quality and fish communities was resolved by examining the PCA ordinations and comparing stream 
locations in the component space. The concordance of stream quality assignments between habitat 
and fish communities were compared seasonally and annually. 
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RESULTS 
Fish Occurrence Groups 
The fisii collections yielded a total of 28 species (Tables 5,6, 7). According to the frequency of 
occurrence criteria, there were nine dominant, six common, and 13 rare species. Eight of 12 minnow 
species, Cyprinidae, were categorized as dominant. Four sucker species (Catostomidae) were taken, 
with three occurring rarely. Three catfish species (Ictaluridae) were collected, but appeared 
sporadically with the exception of the black bullhead. The brook stickleback (Gasterosteidae) was 
encountered mainly in Powell and Beemis creeks. Among darters (Percidae), the Johnny darter was 
widely distributed while the fantail darter was rare. The distribution of green sunfish was broader than 
those of four other sunfish species (Centrarchidae). 
Ecological characteristics of fish occurrence groups 
As a group, the nine dominant species may be characterized as ecological generalists (Table 
5). Throughout the agricultural Midwest, they are common residents of headwater streams which are 
subject to seasonally harsh environmental conditions such as high turbidity, widely fluctuating flow 
regimes, etc. Most dominant species are omnivores that feed on invertebrates, algae, and organic 
detritus. They also commonly have an extended reproductive period and are able to utilize various 
substrates and structures for reproduction. Guarding and nesting reproductive behaviors are common. 
The 13 rare species tended to require clearer water than the dominants (Table 6). Most have 
their primary habitat either in larger streams or in lentic waters. The abundance of these 
environmentally sensitive fishes was usually low in all the streams, ranging from 0% in Buck, Seven 
Mile, Four Mile, Walnut-S, and Walnut-J creeks, to 10% in Powell Creek. Most are either insectivores 
or piscivores. Their spawning frequently occurs in spring, and there is less extended spawning, 
compared to the dominant fishes. Their requirements for reproductive substrate also tend to be more 
specific. Both simple and complex spawning behaviors exist. 
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Table 5. Ecological characteristics of nine dominant fish species. 
Species 
Stream 
habitat & size 
Trophic 
guild^ 
Spawning 
time & interval 
Spawning 
substrate 
Spawning 
behaviors'' 
Central stoneroller headwater, riffle H early spring gravel simple 
Fathead minnow headwater O extended 
(May to August) 
various complex 
Bluntnose minnow headwater 0 extended 
(May to August) 
various complex 
Creek Chub headwater l-P April-May gravel complex 
Bigmouth shiner headwater O extended 
(May to July) 
various simple 
Sand shiner medium O extended 
(May to August) 
various unknown 
Johnny darter various 1 spring rock complex 
Common shiner clear 
high gradient 
1 extended 
(April to June) 
gravel complex 
Red shiner various 0 extended various 
(May to September) 
simple 
^ ; H = herbivore, I = insectivore, O = omnivore, P = piscivore. 
''; simple = no guarding and nesting behaviors, complex = guarding and nesting behaviors exist. 
The six common species are regarded as having moderate to high tolerance to turbid 
conditions (Table 7). Some, such as black bullhead and green sunfish, have adapted successfully in 
agriculturally disturbed watersheds. Most tend to reach a higher population density in larger streams 
but utilize smaller sections for spawning and nursery purposes. 
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Table 6. Ecological characteristics of 13 rare fish species. 
Species 
Stream 
habitat & size 
Trophic 
guild® 
Spawning 
time & interval 
Spawning 
substrate 
Spawning 
behaviors'* 
Quillback carpsucker large 0 April to May various simple 
Golden redhorse large 1 April to May gravel simple 
Northern hog sucker clear 1 April to May gravel simple 
Spotfin shiner medium to large 1 extended 
(May to August) 
crevice simple 
Southern redbelly 
dace 
clear headwater H extended 
(May to July) 
gravel simple 
Yellow bullhead lentic, weedy l-P May to June vegetation complex 
Stonecat clear, riffle l-P spring rock complex 
Orangespotted 
sunfish 
lentic 1 extended 
(May to August) 
various complex 
Bluegill lentic, 
all sizes 
1 extended 
(May to August) 
various complex 
Smallmouth bass swift current, 
medium to large 
l-P early May gravel, rock complex 
Largemouth bass lentic l-P May to June vegetation complex 
Fantail darter riffle, 
all sizes 
1 spring rock complex 
Brook stickleback lentic, weedy, 
headwater 
1 spring vegetation complex 
®; H = herbivore, I = insectivore, O = omnivore, P = piscivore. 
^: simple = no guarding and nesting behaviors, complex = guarding and nesting behaviors exist. 
Table 7. Ecological characteristics of six common fish species in 10 headwater streams. 
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Table 7. Ecological characteristics of six common fish species in 10 headwater streams. 
Species 
Stream 
habitat & size 
Trophic 
guild® 
Spawning 
time & interval 
Spawning 
substrate 
Spawning 
behaviors'' 
White sucker all sizes 1 spring gravel simple 
Suckermouth 
minnow 
clear,riffle 1 May to June gravel unknown 
Brassy minnow lentic, 
medium to large 
0 May to June vegetation simple 
Blacknose dace riffle, 
headwater 
1 May to June gravel complex 
Black bullhead all sizes l-P May to June gravel complex 
Green sunfish lentic, 
all sizes 
l-P extended 
(May to August) 
various complex 
® : H = herbivore, I = insectivore, O = omnivore, P = piscivore. 
: simple = no guarding and nesting behaviors, complex = guarding and nesting behaviors exist. 
Environmental Characteristics 
Watershed variables 
Agricultural activities dominated the watershed landuses (Table 8, Appendix B). Over 90% of 
the land in each watershed was used for farming production. The proportional areas devoted to crops 
and grazing differed between streams, however. In Four Mile, Bear, and Walnut-S creeks, more than 
90% of the watershed was devoted to rowcrop production. Alternatively, close to 30% of the Three Mile 
and Buck Creek watersheds were used for grazing. 
Southern Iowa, the Southern Iowa Drift Plains (SIDP), exhibits more grazing land because the 
rolling landscape and loess-based soil are less appropriate for rowcrop production and subject to 
heavy soil erosion (Table 9). More forest and farm ponds are also found in this region. 
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Table 8. Landscape characteristics of the 10 watersheds, and ANOVA comparisons among 
watersheds. 
Watershed Features Range Mean CV Mean F 
Agricultural Land (%) 92.7 - 97.9 96.3 0.85 17.8 
Cropland (%) 66.1 - 92.6 85.3 3.85 35.7 "*•' 
Grazing Land (%) 3.8 - 26.9 11.0 24.24 45.4 
Forest Land (%) 0.1 - 5.6 1.2 77.95 20.3 
Water Bodies (%) 0.0 - 0.6 0.2 74.3 38.3 
Highly Erodible Land (%) 0.0 - 63.2 31.0 19.9 149.6 
Hydric soil (%) 4.5-51.5 20.4 19.2 129.3 
Stream Sinuosity Index 1.16-1.45 1.3 4.6 13.6 
Drainage Density (km/km^) 0.54-1.46 1.2 11.6 23.4 "*•' 
Stream Gradient (m/km) 0.78-2.12 1.3 53.2 0.74^=2 
Catchment Slope (m/km) 3.0- 5.3 4.2 27.2 1.19^®^ 
Human Properties (%) 0.9- 6.6 2.3 9.9 38.9 
Riparian Width (m) 0.0 - 24.1 5.9 95.3 1.91 
*** = p < 0.01 
= non-significant 
•• = p 
rg 39 
2 _ p 
'^9,40 
The proportional areas of hydric soil varied between streams (Table 8, Appendix C). A higher 
proportion of hydric soil was found in the Walnut-S and Bear creek watersheds of the Des Moines Lobe 
(DML), while lower percentages were identified in the Walnut-J and Seven Mile creek watersheds of the 
SIDP (Table 9). 
A lower sinuosity and drainage density indicates a straighter and simpler channel network, 
respectively. Meandering streams are somewhat arbitrarily defined as those writh a channel sinuosity of 
1.5 or more (Gordon et al. 1992). A sinuosity index lower than 1.5 in all the streams suggested that 
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Table 9. Watershed features organized by five subecoregions. 
Land Use and Soil Features 
Subecoregion (watershed) Crop 
(%) 
Grazing 
(%) 
Forest 
(%) 
HEL 
(%) 
Hydric Soil 
(%) 
Northwest Iowa Loess Prairies (RK, PW) 87.5 7,7 0.4 10.4 15.3 
Des Moines Lobe (BR, WS) 92.1 4.3 1.0 11.1 45.0 
lowan Surface (BM, 4M) 90.8 7.0 0.6 28.6 21.8 
Southern Iowa Drift Plain 
a) western (3M, 7M) 80.0 18.0 0.4 55.4 12.5 
b) eastern (WJ, BK) 75.6 18.7 3.6 56.6 7.4 
Water Feature 
Subecoregion (watershed) Water Bodies 
(%) 
Stream Sinuosity Index 1 Drainage Density 
(km/km^) 
Northwest Iowa Loess Prairies (RK, PW) 0.1 1.34 1.21 
Des Moines Lobe (BR, WS) <0.1 1.32 0.74 
lowan Surface (BM, 4M) <0.1 1.28 1.17 
Southern Iowa Drift Plain 
a) western (3M, 7M) 0.4 1.24 1.38 
b) eastern (WJ, BK) 0.4 1.16 1.33 
HEL = highly erodible land 
channelization was v/idespread. 
Drainage density varied between streams (Table 8, Appendix C). The Walnut-S and Bear 
creeks in the DML, the youngest landform region in Iowa, showed the lowest drainage density and 
highest rowcrop intensity in their watershed (Table 9, Appendix C). On the contrary, watersheds with 
less land devoted to rowcrop production, such as Buck and Three Mile creeks, appeared to have higher 
drainage density. 
Catchment and stream slopes were similar between streams because no significant difference 
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was found (Table 8, Appendix C). However, high CV in some streams indicated that variations in slope 
between stream sections and subwatersheds may be present. 
Human habitations were varied between the 10 headwater watersheds (Table 8, Appendix C). 
Most human properties were found in the Powell Creek watershed, whereas the least occurred in the 
Buck and Three Mile Creeks. 
In summary, agricultural practices, including cropping and grazing, were the major watershed 
landuse in the 10 streams. Four southern watersheds in the SIDP exhibited greater grazing landuse, 
while the rowcrop landuse dominated the northern ones (Table 9). 
The watersheds were also characterized as having a low gradient, low human occupation, low 
forest land, and high stream channelization (Table 9, Appendix C). With the exception of catchment 
and stream slope, all watershed measures exhibited the same statistical distinctions. 
Water quality 
No significant differences were detected among sites in each stream with the exception of the 
hardness and total dissolved solids in Beemis Creek. Low CV values indicated that within-site 
measurements of each water quality variable were similar except for turbidity (Table 10). 
Alkalinity, conductivity, hardness, and total dissolved solids The measurements for 
alkalinity, conductivity, hardness, and total dissolved solids were significantly correlated for all seasons 
(pairwise Pearson correlation, n = 50, r = 0.85 to 0.96, P < 0.05). Rock, Powell, Bear, and Walnut-S 
creeks consistently displayed higher values in these four water quality measurements (Table 10). In 
contrast, four southern streams in the SIDP, Three Mile, Seven Mile, Four Mile, and Walnut-J creeks, 
frequently had lower measurements in these four water quality variables. 
Dissolved oxygen (DO) High mean DO values were recorded, ranging from 8.2 to 11.6 
mg/l, in all streams (Table 10). 
Table 10. Annual means and CVs of water quality measurements in the ten headwater streams. 
Stream 
Water Quality 
RK PW WS BR BM 4M 3M 7M WJ BK 
Alkalinity^ (mg/l as CaCOj) 237.8 242.0 233.8 259.4 191.1 190.5 166.0 169.7 206.3 191.5 
(14.9) (14.1) (22.0) (14.5) (15.2) (14.7) (12.6) (19.3) 
Maximum: [284.1, RK, Aug] Minimum: [126.5, 7M, June] 
(17.9) (14.1) 
Conductivity (umS/cm) 694.5 608.3 609.3 582.7 521.9 506.7 357.6 362.9 452.3 379.6 
(13.5) (15.6) (14.2) (17.3) (16.6) (15.7) (13.1) (14.5) 
Ma)dmum: [786.4, RK, Oct] Minimum: [279.7, 7m, Aug] 
(18.7) (15.2) 
Hardness (mg/l as CaCOj) 256.0 258.1 275.4 253.5 211.4 241.9 174.3 169.7 245.1 204.8 
(11.6) (14.9) (23.3) (20.5) (20.5) (13.1) (9.5) (8.3) 
Maximum: [343.5, WS, Oct] Minimum: [161.9, 3M, Aug] 
(7.5) (10.9) 
Total dissolved solids'' (mg/l) 449.0 395.1 355.5 412.0 338.0 317.1 229.8 227.8 310.1 259.5 
(3.5) (3.2) (27.1) (4.8) (4.8) (7.3) (8.8) (6.9) 
Maximum: [459.4, RK, Oct] Minimum: [215.3, 7m, June] 
(1.8) (4.4) 
Dissolved Oxygen'' (mg/i) 9.5 11.3 11.0 10.1 8.2 11.6 9.2 10.6 10.5 9.4 
(21.2) (37.1) (50.7) (20.6) (22.1) (37.1) (28.1) (36.0) 
Maximum; [18.0,4M, June] Minimum: [5.3, WJ, Oct] 
(43.9) (26.1) 
pH" 8.2 8.1 8.1 8.2 8.4 8.2 7.8 8.0 8.0 8.0 
(4.3) (4.6) (4.2) (2.9) (2.4) (4.9) (5.2) (3.1) 
Maximum: [8.6,4M, April] Minimum: [7.3, 3M, Aug] 
(4.1) (4.0) 
Turbidity (NTU) 29.1 45.3 10.2 5.4 8.2 44.5 50.9 105.7 72.5 14.3 
(112.1) (175.3) (79.2) (51.9) (69.1) (179.5) (97.0) (62.9) 
Maximum: [177.9, WJ, June] Minimum: [2.1, 4M, Aug] 
(97.4) (57.3) 
Nitrate-N'' (mg/l) 12.1 10.2 7.2 8.1 8.0 9.1 6.5 8.9 7.1 4.0 
(24.2) (19.4) (20.1) (22.5) (17.2) (23.9) (22.2) (18.1) 
Maximum: [15.8, RK, Oct] Minimum: [1.2, BK, Oct] 
(50.9) (53.2) 
Orthophosphate (mg/l as P04^) 0.25 0.25 0.26 0.21 0.18 0.28 0.29 0.29 0.30 0.30 
(51.5) (73.8) (67.3) (43.8) (58.0) (59.6) (35.3) (22.4) 
Maximum: [0.54, BK. Aug] Minimum: [0.08, BM, April] 
(37.3) (65.0) 
^ : Seasonal samples of PW and RK are n = 4, others n = 3 : Seasonal samples are n = 3 
'': Seasonal samples of BR, WJ, and WS are n = 3, others n = 4 () = Coefficient of variation 
; Seasonal sample of BR is n = 2, others n = 3 [ ] = measurements, streams, month 
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pH The mean pH values ranged from 7.8 to 8.4 (Table 10). Although they were generally 
similar among streams, Seven Mile, Three Mile, Buck, and Walnut-J creeks had lower pH than the 
others. 
Turbidity Seven Mile Creek showed the highest annual mean turbidity, while Bear and 
Beemis creeks exhibited the lowest (Table 10). High CV values suggested that large turbidity variations 
were present temporally and spatially. 
Differences among streams, months, and the interaction between streams and months were all 
highly significant as shown in the ANOVARM results (Table 11). The ANOVA results showed that 
stream means in turbidity varied within each season (Appendix Table D1). Overall, the highest monthly 
mean turbidity was found in Seven Mile and Walnut-J creeks, while the lowest turbidity was found in 
Bear Creek. 
Nitrate-N High nitrate-N concentrations existed in all streams (Table 10). Rock Creek 
showed the highest annual mean, while Buck and Three Mile creeks displayed the lowest. ANOVA and 
ANOVARM results indicated that variations in nitrate-N were significant between streams and months 
(Table 11, Appendix Table D2). Because the variation in interactions between streams and months 
were highly significant, stream variations in nitrate-N were not constant over time. 
Ortho-P The annual means of ortho-P ranged from 0.18 to 0.30 mg/l in the streams (Table 
10). High CV values suggested that variations existed between streams and months. Deviations in 
ortho-P were present among streams and months according to the ANOVARM results (Table 11). 
Furthermore, the differences among streams were not stable over time as shown by significant 
differences in stream-month interactions. 
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Table 11. ANOVARM results of selected habitat variables. 
Variable df = 
F value 
Stream 
9,40 
Month 
3,120 
Stream*Month 
27,120 
turbidity 18.6"* 63.5*** 10.4*" 
nitrate-N^ 43.8"* 32.9*" 41.9*** 
ortho-P 2.1* 29.9*" 2.3"* 
discharge 3.2" 48.5*** 3.5"* 
coarse substrate 1.6^= 3.5* 1.5^® 
macrophytes 3.1" 11.4*" 5.8*** 
algal mats 5.6"* 10.8*** 2.5*" 
bank undercut volume 3.7** 4.8** 3.9*** 
® ; stream df = 9,40; monthly df = 2,80; stream*month = 18,80 
NS : P > 0.05 
* : P < 0.05 
" : P < 0.01 
*" ;P< 0.001 
The monthly differences in ortho-P among streams were significant in the April and October, 
but not in June and August (Appendix Table D3). Beemis and Bear creeks tended to have below 
average ortho-P concentrations, while no clear trend was revealed in the higher end. 
Habitat physical features 
Riparian wooded vegetation No significant difference in minimum riparian wooded 
vegetation width was identified among streams (Appendix C). Bear Creek has the greatest riparian 
forest zone width, while Rock, Powell, Four Mile, and Seven Mile creeks have no riparian wooded 
vegetation. With the exception of the two Walnut creeks, less than 40% of the stream channels were 
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shaded by overhead vegetation cover (Table 12). Thus, the riparian wooded vegetation along the 
streams was generally scarce. 
Channel and hydrological characteristics An average depth of less than 25 cm was 
recorded in nearly all streams during baseflow conditions (Table 12). The annual wetted channel width 
means ranged from 2.7 to 4.4 m. The depth CVs were generally similar between streams. The flow 
velocity means varied annually from 0.05 to 0.30 m/second among streams (Table 12). 
Stream discharge varied among streams and months (Table 11). Additionally, stream 
distinctions in discharge varied over time, with significant differences in stream discharge means each 
season (Appendix Table D4). 
Streambank undercut volume may have been influenced by fluctuating flow regimes. Monthly 
distinctions in bank undercut space were exhibited among streams (Table 11). Furthermore, the 
stream differences in bank undercut volume were altered temporally. Significant variations of bank 
undercut among streams were primarily found in June (high water period) but not in the other months 
(Appendix Table D5). 
The highest annual mean of bank undercut volume was found in Rock Creek, whereas almost 
no bank undercut was identified in Walnut-J Creek. The high CV values in all the streams implied that 
the volume of bank undercut fluctuates greatly among sites and seasons. 
Aquatic vegetation Monthly distinctions of algal growths were identified among streams 
(Table 11), however, these differences were not consistent over time. Seasonally, stream differences 
in algal growth were significant in April and June, but not in August and October (Appendix Table D6). 
Generally, lower stream means of algal mats were recorded in August and October rather than in the 
other months. More algal growth was commonly found in Powell Creek than in the other streams. 
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Table 12. Annual means and CVs of channel and hydrologic features of the streams. 
Stream 
Overhead 
cover 
(%) 
Depth 
(m) 
Width 
(m) 
Bank 
undercut 
(m^ 
Flow 
velocity 
(m/sec.) 
Algal mats 
(%) 
Macrophytes 
(%) 
Depth CV 
RK 16.7 0.27 4.1 0.69 0.23 3.7 42.0 78.3 
(74.7) (29.4) (33.1) (117.7) (78.8) (150.1) (26.0) 
PW 25.1 0.25 3.8 0.19 0.05 19.3 41.5 79.8 
(76.8) (25.1) (16.5) (239.4) (79.0) (101.9) (35.7) 
WS 44.8 0.17 3.8 0.37 0.19 15.7 18.6 90.4 
(72.9) (37.5) (28.1) (198.5) (72.9) (114.0) (115.1) 
BR 19.0 0.18 4.1 0.49 0.19 2.5 22.8 87.3 
(118.7) (33.0) (25.0) (99.5) (71.0) (167.0) (75.4) 
BM 30.4 0.14 3.0 0.09 0.13 4.8 27.3 82.3 
(90.4) (34.8) (25.5) (149.1) (47.6) (255.6) (77.5) 
4M 30.0 0.17 4.4 0.08 0.19 7.7 16.3 84.8 
(63.5) (38.7) (46.2) (129.9) (61.2) (129.3) (81.9) 
3M 15.6 0.17 2.7 0.04 0.17 2.8 21.2 78.7 
(77.3) (41.8) (29.5) (254.9) (98.3) (129.3) (47.7) 
7M 14.7 0.19 3.3 0.07 0.30 2.8 21.2 81.3 
(60.9) (40.7) (20.5) (129.9) (66.2) (192.1) (47.7) 
WJ 42.0 0.15 3.0 <0.01 0.23 2.7 17.3 83.6 
(71.9) (59.0) (38.7) (326.2) (69.8) (197.2) (94.5) 
BK 18.5 0.17 3.7 0.09 0.32 11.8 21.7 85.1 
(102.0) (45.4) (31.1) (203.9) (55.1) (173.8) (83.9) 
Seasonal samples: n = 4 
() = Coefficient of variation 
The presence of macrophytes ranged from over 40% of the bottom area in Rock and Powell 
creeks to less than 20% in the two Walnut and Four Mile creeks (Table 12). According to the 
ANOVARM and ANOVA results, monthly variations in the occurrence of macrophytes existed among 
streams (Table 11), especially in April, June, and October (Appendix Table D7). 
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Substrate and bottom organic materials Finer inorganic substrates dominated the 
streams (Table 13). The ANOVARM results indicated there was no statistical difference in coarse 
substrate (cobble and gravel) among streams on an annual basis (Table 11). Significant variations in 
coarse substrate were detected among seasons, primarily on the basis of the June data (Table 11, 
Appendix Table D8). The highest proportion of coarse substrate was found in Rock Creek, while the 
lowest existed in Three Mile Creek. 
Fine organic particle deposits (FROM), typically including benthic algae and leaf debris, 
covered from about 2% to over 20% of the stream bottom on an annual basis (Table 13). Coarse 
particulate organic material (CPOM), including tree leaves, branches, and woody debris, occurred in 
much greater abundance, from about 30% to 50% of the bottom area. 
Habitat features among subecoregions 
The streams in the three northern subecoregions, the NILP, DML, and IS, generally displayed 
higher mean conductivity and total dissolved solids than those in the SIDP (Table 14). Greater water 
clarity, on average, existed in the streams of the DML and IS, while the greatest turbidity occurred in the 
WSIDP. The highest and lowest nitrate-N mean was found in the NILP and ESIDP, respectively. The 
mean ortho-P was similar among subecoregions but higher in the SIDP. 
With the exception of lower means in the WSIDP and NILP, the proportion of overhead cover 
was similar among subecoregions (Table 15). Shallow water depth, on average, occurred in all 
subecoregions, ranging from 0.16 to 0.26 m. Stream width means were similar, varying from 3.0 to 4.0 
m among subecoregions. On average, greater volumes of streambank undercut existed in the NILP 
and DML, while a stronger flow velocity was identified in southern Iowa, the WSIDP and ESIDP. Bear 
and Walnut-S creeks, located in the DML, may have displayed more diverse habitats because of the 
higher depth CV. 
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Table 13. Annual percentage (%) means of stream bottom substrates, fine particle organic matter 
(FPOM), and coarse particle organic matter (CROM) of the streams. 
Streams C G SN HSS FPOM CPOM 
RK 11.8 9.5 21.6 57.0 6.2 47.7 
(97.4) (98.8) (75.6) (40.7) (108.6) (21.4) 
PW 1.3 8.2 13.8 76.7 19.2 49.7 
(261.2) (131.4) (133.8) (27.9) (98.7) (29.4) 
WS 4.6 18.4 39.1 37.9 21.6 40.4 
(165.6) (91.2) (54.6) (53.5) (87.1) (77.1) 
BR 5.0 13.8 40.8 40.3 20.2 36.3 
(177.6) (112.3) (65.1) (65.3) (122.8) (50.7) 
4M 2.5 9.2 37.8 55.5 13.3 31.5 
(247.9) (141.1) (54.9) (33.2) (103.9) (54.0) 
BM 1.3 13.9 37.5 47.3 9.5 47.7 
(224.4) (136.3) (64.7) (42.0) (156.9) (41.3) 
3M 0.0 0.7 22.2 77.2 1.7 44.8 
(447.2) (101.4) (31.3) (403.0) (23.3) 
7M 0.2 1.7 15.5 82.5 4.3 27.0 
(447.2) (121.8) (89.8) (18.2) (162.1) (47.5) 
WJ 0.0 6.7 4.9 88.5 22.8 41.2 
(167.1) (163.6) (14.6) (160.9) (66.3) 
BK 1.3 5.2 40.0 53.7 10.8 37.0 
(248.9) (141.1) (52.1) (37.5) (157.0) (39.4) 
() = coefficient of variation 
Substrate: cobble (C), gravel (G), sand (SN), and hard clay/soft silt (HSS). 
The greatest proportion of aquatic vegetation, both algal mats and macrophytes, occurred in 
Rock and Powell creeks of the NILP (Table 15). The streams in the NILP, DML, and IS demonstrated 
a greater proportion of coarse substrates than those in the SIDP. Seven Mile and Three Mile creeks of 
the WSIDP showed a lower coverage of FPOM than other subecoregions, while CPOM occurrence was 
similar among subecoregions with Rock and Powell creeks, of the NILP, displaying the highest mean. 
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Table 14. Annual means of water quality features for subecoregions (n = 40). 
Water Quality Feature 
Subecoregion (Stream) 
SIDP 
NILP 
(PW, RK) 
DML IS Western Eastern 
(BR, WS) (BM, 4M) (7M. 3M) (WJ, BK) 
Alkalinity^ 
(mg/l as CaCOj) 
Conductivity 
(ums/cm) 
Total Hardness 
(mg/l as CaCOg) 
Total Dissolved Solid^ 
(mg/l) 
Turbidity 
(NTU) 
Nitrate-N 
(mg/l) 
Orthophosphate 
(mg/l as P04^) 
240.0 
651.4 
257.1 
422.1 
37.2 
11.2 
0.25 
246.6 
596.0 
264.5 
383.8 
7.8 
7.7 
0.24 
190.8 
514.3 
226.7 
327.6 
26.4 
8.6 
0.23 
167.9 
360.3 
172.0 
228.8 
78.3 
8.0 
0.29 
198.9 
416.0 
225.0 
284.8 
43.4 
5.6 
0.30 
V n = 30 
^; n = 30 except the DML n = 25 
Table 15. Annual means of stream channel and hydrologic features for the subecoregions (n = 40). 
Subeco- Overhead Bank Flow 
region cover Depth Width undercut velocity Algal mats Macrophytes Depth CV 
(Stream) (%) (m) (m) (m^ (m/sec.) (%) (%) 
NILP 20.9 0.26 4.0 0.44 0.14 11.5 41.8 79.1 
(RK, PW) 
DML 31.9 0.18 4.0 0.43 0.19 9.1 20.7 88.9 
(BR, WS) 
IS 30.2 0.16 3.7 0.09 0.16 6.3 21.8 83.6 
(BM, 4M) 
SIDP 
a) Western 15.2 0.18 3.0 0.06 0.24 2.8 21.2 80.0 
(3M, 7M) 
b) Eastern 30.3 0.16 3.9 0.05 0.28 7.3 19.5 84.4 
(WJ,BK) 
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In conclusion, the 10 streams were agriculturally disturbed, thus, their habitats exhibited poor 
conditions of narrow riparian forest zone, high nutrient content, monotonous channel and habitat 
structures, shallow depth, and fine substrate. Based on the habitat quality criteria reference, the 
streams in the three northern subecoregions, the IS, DML, and NILP, tended to display better habitat 
conditions of greater water clarity, coarse substrate, and bank undercut volume than the SIDP. 
General features offish community structure 
The mean number of species per site differed significantly among streams and among months 
(Table 16). These differences were generally stable over time because the difference in interactions 
between streams and months was not significant. 
Distinctions among streams for total species were identified in all seasons (Appendix Table 
El). For example, greater numbers of species (6-10) tended to occur in Beemis, Powell, and Bear 
creeks, and the least (2-5) in Seven Mile and Walnut-J creeks. 
Differences in mean abundance of individuals were highly significant between streams and 
seasons, however, the stream variations were not temporally concordant (Table 16). The 
geographical pattern noted for species richness also prevailed relative to numerical abundance, that is, 
Beemis, Bear, and Powell creeks tended to have the largest populations during all seasons while 
Seven Mile and Walnut-J creeks had the smallest (Appendix Table E2). 
According to the annual means of proportional abundance, fish trophic guilds were dominated 
by insectivores (38.7%) and omnivores (54.0%), while herbivores (3.7%) and piscivores (3.6%) 
occurred rarely (Table 17). Both proportional abundance means of insectivores and omnivores differed 
significantly between streams and seasons (Table 16). Additionally, between-stream differences also 
varied over seasons. 
Streams with a greater proportion of omnivores generally exhibited lower insectivores. With the 
exception of Walnut-J Creek in April, omnivores dominated the fish communities in Buck and Walnut-J 
creeks, while insectivores prevailed in Powell and Rock creeks (Appendix Tables E3, E4). 
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Table 16. ANOVARM results for fish community variables among streams. 
F value 
Stream Month Stream*Month 
Variable df= 9,25 3,103 25,103 
Total species 13.8*" 8.7"* 1.1^® 
Total individuals 4.0*** 19.8*** 2.0* 
% abundance of insectivores 2.2* 3.3* 2.4*** 
% abundance of omnivores 2.4* 3.9* 1.6* 
NS =P>0.05 
* = P<0.05 
** = P<0.01 
*** = p<0.001 
Table 17. Annual means of fish community features for the subecoregions. 
Subecoregion (Streams, n) 
Fish Community Features NILP 
(PW, RK, 35) 
DML 
(BR, WS, 38) 
IS 
(BM, 4M, 38) 
SIDP 
Western Eastern 
(7M, 3M, 35) (WJ, BK, 35) 
Mean species per site 7.5 7.9 7.6 5.7 4.5 
Mean total idividuals 32.7 40.5 38.9 19.4 15.3 
per 10 m stream length 
% mean abundance 
Insectivore 50.1 36.5 41.8 38.6 23.9 
Omnivore 37.7 53.1 52.9 58.6 70.5 
Herbivore 6.7 5.8 4.1 0.9 1.5 
Piscivore 5.5 4.6 1.5 2.0 4.2 
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The greatest species richness and individual abundance, on average, occurred in the streams 
of the three northern subecoregions, the NILP, DML, and IS (Table 17). The highest and lowest 
proportional abundance of insectivores and omnivores occurred in Powell and Rock creeks of the 
NILP, while Walnut-J and Buck creeks of the ESIDP displayed an opposite trend. Overall, omnivores 
exhibited a greater proportional abundance than the other trophic guilds in all the subecoregions except 
the NILP. Additionally, a more diverse composition of trophic guilds tended to occur in the streams of 
the NILP and DML than the others because of the greater proportion of herbivores and piscivores. 
Overall, fish communities in the streams averaged 4-8 species per site and 15-40 individuals 
per 10 m stream length (Table 17). The trophic structure mainly contained omnivore and insectivore 
guilds, and was generally dominated by the former. According to ecological quality criteria, the fish 
communities in northern Iowa tended to display better conditions such as greater species richness, 
abundance, and more diverse functional groups, while the streams in southern Iowa, the SIDP, 
generally displayed fewer species and individuals, and simpler trophic structures. 
Ecological Evaluations of the Streams 
An ecological evaluation of the 10 watersheds and streams was conducted by principal 
components analysis (PCA) using selected landscape, stream environmental, and fish community 
variables. Based on the ANOVA results, nine landscape features that significantly differed among 
streams were selected, including drainage density, sinuosity, and proportional area of cropland, grazing 
land, water bodies, forest land, human properties, hydric soil, and highly erodible land. Nine stream 
parameters commonly affected by agricultural disturbance and used to evaluate biological integrity 
were chosen, including turbidity, nitrate-N, ortho-P, discharge, depth CV, streambank undercut volume, 
and proportion of macrophytes, algal mats, and coarse substrate (cobble & gravel) (Menzel 1983, Karr 
et al. 1986). Four widely adopted IBI metrics were selected as the fish community features, including 
species richness, total individual abundance, and proportions of individuals as insectivores and 
omnivores. 
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Stream means of landscape and habitat features were seasonally correlated based on five 
sampling sites per stream, i.e., 50 sites per season. For composite analysis, the annual means of each 
stream parameter were calculated based on 20 measurements per stream (5 sites in each of 4 
seasons). The data sets were complete with the exception of nitrate-N measurement in April. 
Nineteen fish samples were excluded from this analysis because of sampling bias 
(electrofisher breakdown). Thus, a preliminary analysis was conducted to compare the PCA results, by 
season, between the complete, original data set and a reduced stream data set that excluded some 
monthly data in accordance with fish samples. The correlated variables in the selected habitat 
components between these two PCA analyses were generally similar in April, June, and October 
(Table 4, Table 18, Appendix F). in the August results, more habitat variables were associated with the 
first two components when the PCA was performed on the reduced data set. Because of the overall 
similarity between the PCA results of the original and reduced stream habitat databases, a decision was 
made to use the original database to evaluate habitat quality and associate it with fish community 
quality. 
PCA of landscape variables 
The PCA generated seven components explaining associations between watershed variables. 
The first component accounted for 55% of total variance of the correlation matrix (Table 19). A scree 
analysis implied that inclusion of the additional components contributed little toward understanding 
relationships. Three individual watershed variables (channel sinuosity and proportional areas of hydric 
soil and human properties) were not represented in component 1 because there was no significant 
correlation between the component and these watershed variables. The positive factors of component 
1 were drainage density and proportional areas of grazing land, HEL, water bodies, and forest land. 
The significant negative factors were the proportional area of grazing land. 
A plot of component 1 values for the 10 watersheds is shown in Figure 4. Two of the 
watersheds, Buck and Three Mile creeks, were distinctive in their strong positive loadings, i.e., implying 
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Table 18. Principal component loadings of habitat variables by season using stream means of the 
complete data set (n = 10 in each season). 
Principal Component 
Habitat Variables 
April June August October 
1 2 3 1 2 1 2 1 2 
turbidity -0.79 0.37 0.18 -0.06 0.79 -0.53 -0.50 -0.54 -0.68 
(<0.01) (0.30) (0.61) (0.87) (<0.01) (0.11) (0.14) (0.10) (0.03) 
nitrate-N — — — 0.72 0.43 -0.46 0.54 0.65 -0.04 
(0.02) (0.21) (0.18) (0.11) (0.04) (0.90) 
ortho-P -0.83 0.30 0.36 -0.32 0.75 -0.21 -0.40 -0.72 0.38 
(<0.01) (0.41) (0.31) (0.36) (0.01) (0.56) (0.25) (0.02) (0.28) 
discharge -0.79 0.21 0.35 0.81 -0.33 0.49 -0.49 0.05 -0.60 
(<0.01) (0.55) (0.32) (<0.01) (0.36) (0.15) (0.25) (0.89) (0.07) 
depth CV 0.20 -0.36 0.88 -0.43 -0.62 0.54 -0.48 -0.19 0.85 
(0.58) (0.31) (<0.01) (0.21) (0.06) (0.11) (0.16) (0.60) (<0.01) 
macrophytes -0.07 0.93 -0.11 0.72 0.49 0.14 0.08 0.83 -0.08 
(0.84) (<0.01) (0,75) (0.02) (0.15) (0.69) (0.83) (<0.01) (0.83) 
algal mats 0.72 0.57 -0.10 -0.43 -0.48 -0.39 0.64 0.79 0.15 
(0.02) (0.08) (0.77) (0.22) (0.16) (0.27) (0.045) (<0.01) (0.68) 
bank undercut 0.72 0.53 0.41 0.97 -0.15 0.88 0.26 -0.35 0.44 
volume (0.02) (0.12) (0.24) (<0.01) (0.69) (<0.01) (0.46) (0.32) (0.21) 
coarse substrate 0.87 0.05 0.36 0.71 -0.62 0.78 0.52 0.28 0.81 
(<0.01) (0.90) (0.31) (0.02) (0.06) (<0.01) (0.83) (0.43) (<0.01) 
% accumulated 
explained variance 
46 70 87 40 70 29 51 31 59 
(): P value of the Pearson correlation between principal component and individual habitat variable. 
a hilly terrain, a high proportion of land devoted to grazing, farm ponds, forest, and a well-developed 
natural drainage system. At the opposite end of landscape spectrum, the Walnut-S watershed was 
chiefly characterized by intensive rowcropping. From an ecoregional perspective, the watersheds were 
distinguishable as those of the southern Iowa Rolling Loess Prairies (BK, 3M, WJ, 7M) and those of the 
northern Iowa subecoregions. 
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Table 19. Component loading of landscape variables with principal component 1 using stream mean 
(n = 10). 
Principal Component 
Watershed Variables 1 
% cropland -0.94 
(<0.01) 
% grazing land 0.94 
(<0.01) 
% water bodies 0.86 
(<0.01) 
% forest land 0.67 
(0.03) 
% human properties -0.47 
(0.17) 
% hydric soil -0.62 
(0.06) 
% highly erodible land 0.88 
(<0.01) 
drainage density 0.70 
(0.02) 
sinuosity -0.37 
(0.29) 
% variance explained 55 
() = P value of the Pearson correlation between principal component and individual landscape variable. 
PGA of stream environmental parameters 
Seasonal analysis By scree analysis determination, three habitat principal components 
were selected in April, and two components were chosen in each of the other three seasons (Table 
18). The proportion of the total correlation matrix variance explained by the selected habitat 
components ranged from 51% in August to 87% in April. 
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Figure 4. Plot of watersheds on landscape component 1. 
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Various habitat variables were significantly correlated with the chosen principal components 
monthly (Table 18). Three habitat variables were included in the two habitat components for August, 
while eight habitat variables were associated with three habitat components in April. Seven habitat 
variables were included in the two selected components of the other months. The coarse substrate 
variable was important in all seasons. Other important habitat variables were streambank undercut 
volume, ortho-P, turbidity, and proportional coverage of algal mats and macrophytes. 
Notable associations were identified among several habitat features overtime (Table 18). 
Coarse substrate and bank undercut volume commonly appeared within the same component and 
demonstrated a parallel relationship. The affinities between nitrate-N and macrophytes were usually in 
correspondence. Plots of the 10 streams are shown seasonally in the component dimension in 
Appendix G. 
Annual analysis The first two habitat components explained 36% and 26% of the correlation 
matrix total variance, respectively (Table 20). The higher positive scores of component 1 described 
conditions of lower ortho-P concentration and greater bank undercut volume, coarse substrate, and 
water clarity, while the negative component score described an opposite trend. Positive values of 
component 2 indicated greater macrophyte growth, higher nitrate-N concentration, and lower depth CV. 
The ordination of the 10 streams for the first two components is shown in Figure 5. Along 
component one, there was a grouping pattern involving negative scores for the four streams of the 
Southern Iowa Drift Plain and positive scores for the others, with the exception of Four Mile Creek of the 
lowan Surface. Along the second component, the streams were divided into western (7M, 3M, PW, 
RK) and eastern associations. 
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Figure 5. Environmental relationships of the 10 streams in 1992, plotted relative to the first two habitat components. 
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Table 20. Component loadings of the first two annual habitat components using stream means. 
Principal Component 
Habitat Variables 1 2 
turbidity -0.71 0.52 
(0.02) (0.12) 
nitrate-N 0.52 0.69 
(0.12) (0.03) 
ortho-P -0.75 0.03 
(0.01) (0.93) 
discharge -0.13 0.02 
(0.71) (0.94) 
depth CV 0.14 -0.94 
(0.71) (<0.01) 
macrophytes 0.52 0.73 
(0.13) (0.02) 
algal mats 0.24 -0.26 
(0.51) (0.46) 
bank undercut volume 0.84 0.13 
(<0.01) (0.73) 
coarse substrate 0.90 -0.28 
(<0.01) (0.42) 
% accumulated variance explained 36 62 
n =10 
( ) = P value of the Pearson correlation between principal component and individual habitat variable. 
PGA offish communities 
Seasonal analysis The first two fish principal components were sufficient in all seasons to 
explain a high proportion of the observed variance in the four factors (Table 21). The explained 
variance of the first two components ranged from 88% in June to 98% in April. The trophic guild 
variables were most important in component 1 for each season, and were inversely related to each 
other. The total abundance was most strongly implicated in component 2 while species richness was 
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Table 21. Component loadings of the first two fish components in each season . 
Principal Component 
April June August October 
Fish Variables 12 12 12 12 
Total individuals 0.55 
(0.12) A O 
O
 
d
 b
o 0.48 
(0.16) 
0.75 
(0.01) 
0.51 
(0.16) 
0.79 
(0.01) 
0.46 
(0.18) 
CO 
O
 
d
 d
 
Total species 0.84 
(<0.01) 
0.52 
(0.15) 
0.62 
(0.054) 
0.61 
(0.06) 
0.54 
(0.14) 
0.78 
(0.01) 
0.90 
(<0.01) 
0.39 
(0.27) 
% insectivores -0.87 
(<0.01) 
0.48 
(0.19) 
0.89 
(<0.01) 
-0.42 
(0.22) 
0.80 
(<0.01) 
-0.53 
(0.15) 
0.86 
(<0.01) 
-0.48 
(0.16) 
% omnivores 0.80 
(0.01) 
-0.60 
(0.09) 
-0.91 
(<0.01) 
0.40 
(0.25) 
-0.83 
(<0.01) 
0.50 
(0.17) 
-0.91 
(<0.01) 
0.37 
(0.29) 
% accumulated variance 
explained 
60 98 56 88 47 90 65 97 
n =10; April and August n = 9. 
() = P value of the Pearson correlation between principal component and individual fish community 
variables. 
variable: both invariably entered as positive factors. Seasonal plots for the 10 streams in the fish 
community component space are shown in Appendix H. 
Annual analysis Annually, 59% and 35% of the total variance was explained by the first and 
second fish components, respectively (Table 22). A positive component 1 value tended to describe fish 
community conditions of greater species richness, a higher proportion of insectivores, and a lower 
proportion of omnivores. The positive component 2 scores also reflected a fish community feature of 
greater abundance of individuals. 
The 10 streams were divided into two groups along component 1, with the four streams in the 
Southern Iowa Rolling Loess Prairie (BK, WJ, 3M, 7M) tending to display a poorer fish community 
condition than the others (Figure 6). The highest numerical abundance tended to be collected in Bear 
Creek, while the least occurred in Seven Mile and Walnut-J creeks, both located in the southern Iowa. 
91 
Table 22. Component loadings of the first two annual fish community components. 
Principal Component 
Fish Variables 1 2 
total species 0.81 0.53 
(<0.01) (0.12) 
total individuals 0.59 0.72 
(0.07) (0.01) 
% omnivores -0.85 0.50 
(<0.01) (0.14) 
% insectivores -0.81 -0.56 
(<0.01) (0.09) 
% accumulated variance explained 59 94 
n =10. 
( ) = P value of the Pearson correlation between principal component and individual habitat variable. 
Correlations between components Over the four seasons, only one significant correlation 
was identified between the watershed and habitat components. In April, streams with more watershed 
rowcrop operation had more algal mat area, coarse substrate, bank undercut volume, and lower ortho-
P, discharge and turbidity (Pearson correlation, n=9, r=-0.81, P<0.01). 
Seasonal associations between habitat and fish components were also rare, with only one 
found. In October, fewer species were collected in those streams with lower water clarity, depth 
variation, and coarse substrate (Pearson correlation, n = 10, r = 0.66, P < 0.05). 
The correlation between watershed component 1 and habitat component 1 was significant for 
the entire year (Pearson correlation, r = -0.70, P < 0.05) (Figure 7). Moreover, habitat component 1 
was significantly correlated with fish component 1 (Pearson correlation, r = 0.74, P < 0.05) (Figure 8). 
In the composite associations, two watershed/stream groups were apparent on geographical 
bases (Figure 7, 8). The watersheds of the SIDP (3M, 7M, WJ, BK) exhibited low to moderate 
proportions of cropland but greater drainage density and proportions of grazing land, water bodies, 
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forest, and HEL. The northern watersheds (PW, RK, WS, BR, BM, 4M) were dominated by 
rowcropping. Within the northern group, Four Mile Creel< tended to be distant from the others in both 
component spaces. 
Between these two groups, northern stream habitats showed more bank undercut and coarse 
substrate, clearer water, and lower orthophosphate concentration than the southern ones. Additionally, 
the six northern streams had more fish species, a higher percentage of insectivores, and a lower 
percentage of omnivores as compared to the four southern streams. 
Habitat and fish community quality 
Better habitat quality in the streams is interpreted as including more bank undercut, a greater 
proportion of coarse substrate and macrophyte growth, less variable in seasonal discharge, a diverse 
habitat, and lower turbidity, ortho-p, nitrate-N, and algal mats (Table 2). In such streams, a better 
headwater fish community tends to exhibit greater species richness, individuals, proportion of 
insectivores, and a lower proportion of omnivores (Table 2). 
Based on these criteria, the 10 streams were grouped into three qualitative groups, i.e., high (I), 
medium (II), and low (III), to reflect their habitat and fish community quality. To assign the 10 streams 
into three quality groups, the stream locations in the four quadrants of component ordinations were first 
inspected. Within each quadrant, the stream habitat and fish community characteristics were assessed 
based on the indicator variables and their variations along each component axis. The seasonal and 
yearly descriptions of habitat and fish community characteristics in each of four quadrants are shown in 
Appendix I and Table 23, respectively. Finally, the positions of streams in each quadrant were 
compared to the streams in the other three quadrants to determine if a stream was clearly 
distinguishable from the other streams, and to assign the stream into one of three quality groups. 
Each habitat or fish community variable was equally weighted to assign the streams into three 
quality groups. The streams were placed into either of the two extreme groups when all or most of the 
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Table 23. Ecological classification of the 10 streams derived from the principal component analysis 
for 1992. 
Stream % Rowcrop 
Bank Undercut, 
Cobble + Gravel 
Ortho-P, 
Turbidity Depth CV 
Nitrate-N, 
Macrophytes 
WS, BR, BM higher high low medium-high medium-low 
RK, PW higher medium-high low-medium low high 
BK, 4M, WJ lower,medium low-medium medium-high medium-high low-medium 
3M, 7M lower low high low high 
Fish Community 
Stream % Rowcrop Total Species Total Individuals % Omnivores % Insectivores 
BM, BR. 4M medium,higher high high low high 
PW, RK, WS medium,higher medium-high medium medium medium-high 
3M, BK lower low high high low 
7M, WJ lower low low high low 
individual variables in the component axes showed high or low quality indications (Table 3). If a stream 
displayed a combination of quality indications, such as a high nitrate-N and turbidity, a low ortho-P, and 
a high bank undercut, then the stream was placed into the medium quality group. 
Habitat quality 
Seasonally, no stream consistently appeared in the highest and lowest habitat quality groups 
(Appendix H, Figure 9,10,11,12). Most streams were placed into the medium habitat quality group. 
This pattern suggested that the habitat features in the headwater streams of Iowa are complex and 
incongruous in quality indications. 
Overall, Walnut-S, Bear, and Beemis creeks, the first two streams in the DML and the third one 
in the IS, were classified into Group 1 as having a better habitat quality including greater volume of bank 
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undercut, macrophyte growth, coarse substrate, depth CV, and lower ortho-p, nitrate-N, and turbidity 
(Figure 13, Table 23). Three Mile and Seven Mile creeks, both in the WSIDP, were assigned to the 
Group III because of their high nutrient concentration and low amount of bank undercut, depth variation, 
coarse substrate, and water clarity. The other five streams were categorized as medium in habitat 
quality with inconclusive indications in habitat quality, such as high nitrate-N and coarse substrate found 
in Rock and Powell creeks. 
Fish communities 
A pattern was noticed between the seasonal classifications offish community quality groups 
among the 10 streams (Appendix H, Figures 9,10,11,12). The quality of fish community in Walnut-J 
Creek was frequently placed in the Group III, the lowest quality group. In both June and August, Bear 
and Beemis creeks showed the highest quality among the streams. 
In composite. Bear and Beemis creeks showed the highest fish community quality (Group I) 
among streams as determined by greater species richness, total individuals, proportion of insectivores, 
and a lower proportion of omnivores (Table 23, Figure 13). In contrast, Seven Mile and Walnut-J 
creeks exhibited a poor condition in fish community (Group III) of a lower species richness, abundance, 
proportion of insectivores, and a higher proportion of omnivores. The other six streams were placed 
into Group II, generally displaying complex indications in fish community quality. 
Stream correspondence between quality groups 
No consistent pattern of concordance was evident between two extremes of the three habitat 
and fish community quality groups over the four seasons (Figure 9,10,11,12). Most streams were 
located in the medium position of habitat and fish community quality continuums. 
Moderate success was found annually in the correspondence of streams between habitat and 
fish community quality (Figure 13). Bear Creek in the DML and Beemis Creek in the IS were classified 
into the better quality group (Group 1) in both habitat condition and fish community structure. At the 
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other end, Seven Mile Creek in the WSIDP demonstrated a poor quality in both habitat and fish 
community conditions. 
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DISCUSSION 
Natural Geological Characteristics 
Despite the typical low-relief landscape in the Iowa region of the WCBPE, geological 
distinctions in surface deposits are present as evidenced by five distinguished subecoregions (Griffith et 
al. 1994). A major difference among these five subecoregions is the surface coverages of loess-based 
soil (Prior 1991). This pattern was generated by the Wisconsinan glacial advances and erosion activity 
(water and wind). 
The DML, in northcentral Iowa, lacks loess deposits because of the recent ice coverage about 
12,000 to 14,000 year ago (Prior 1991). The DML is also the youngest land surface in Iowa, with a 
relatively flat landscape. The northeastern region, the IS, has a thin loess cover due to intensive 
erosion activity occurring between 16,500 and 21,000 years ago. Low reliefs and long slopes 
characterize the landscape of the IS. The erosional event that leveled the IS had an impact on all of 
northern Iowa, and remains apparent in northwest Iowa, the NILP. Therefore, although blanketed by 
thick loess deposits, the NILP displays a landscape similarity to the IS. The SIDP, which was divided 
into ESIDP and WSIDP in the present study, received especially thick loess deposits. As a result of 
easy erodibility of loess soil and a long period of erosion activity, the topography of the SIDP is 
characterized by steep, rolling terrain. 
The variations of loess-based deposits contribute to the regional characteristics of stream 
habitat. For example, the southern streams demonstrate turbid water and unstable substrate of silt, 
sand, and mud, while the northern streams show better habitat conditions of Clearwater and firm 
substrate. In addition, agricultural practices are also generally applied according to regional geological 
features. For example, grazing landuse tends to be prominent in the southern watersheds, while the 
northern area is mainly used for rowcrop production. 
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Watershed, Habitat, and Fish Community Features and Their Associations in the Headwaters 
Watershed features 
In this study, the 10 watersheds were differentiated by stream network, soil type, and various 
landuses such as agricultural practices, farm ponds, and forest (Figure 4). For example, the Bear and 
Walnut-S creeks are located in the DML, the youngest iandform in Iowa, thus they are less-evolved 
watersheds with a simple stream network of few branches (Table 9) (Knighton 1984). In contrast, the 
southern watersheds (BK, 3M, WJ, 7M) are well-developed. Thus, the four southern streams express a 
more complicated channel structure compared to the streams in the DML. More highly erodible land 
also exists naturally in southern Iowa, while the surface deposits of the DML are loess-free. 
Human activities have had a profound effect on the distinctions among the watersheds. In the 
PCA results, the four southern watersheds, where grazing landuse is significant, were distinguishable 
from the other six northern ones where rowcrop landuse predominates (Figure 4, Table 9). The area 
devoted for grazing landuse tends to be more hilly and easily eroded, less channelized, and retains 
more forested land. Livestock operations also need more water sources. Thus, there are connections 
between grazing landuse and other associated landscape factors. Given the fact that over 90% of the 
land is devoted to agricultural production, watershed divergences may be simplified into two factors-
rowcrop vs. grazing landuse. In other words, in the Iowa region of the WCBPE, the diversity of 
headwater watersheds are reflected by a combination of intensive agricultural modifications and natural 
characteristics. 
Although located on the NILP, a loess-covered subecoregion, Powell and Rock creek 
watersheds displayed a landscape similarity with watersheds having bare or little loess deposits (Figure 
4), As explained earlier, the landscape of the NILP displays a strong similarity to the IS. The rowcrop 
landuse in these two watersheds are also significant (88%). Thus, historical events and agricultural 
landuse may both contribute to watershed similarity between the NILP and other northern 
subecoregions. 
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A recent finding suggests that Powell Creek did not exist before 1884, because no record of 
this stream was shown in the original land survey plat map in 1855, whereas it was reported in the 1884 
county atlas maps (Katherine L. Andersen, Todd R. Bishop, Dr. Bruce W. Menzel, Iowa State 
University, personal communication, 1995). The recent development of Powell Creek may promote its 
similarity in watershed features with two young ones, i.e, the Bear and Walnut-S watersheds. 
Stream habitat conditions 
Massive agricultural modifications (such as channelization, drainage activities, etc.,) have 
generated a monotonous and degraded lotic habitat in the Iowa region of the WCBPE. Currently, the 
headwaters are characterized by straightened channel, sudden flow change, extended low flow level, 
elevated sediment, fine substrate, and an artificial chemical loading (Tables 9,14,15). 
Despite their general uniformity, distinctions existed in lotic habitats among the four southern 
streams and the six northern ones (Figure 5). Seasonally, three of four Group III streams, the lowest 
quality group, were located intheSIDP (Figures 9,10,11,12). Annually, when compared to the 
northern streams, the southern streams displayed poorer habitat conditions such as elevated turbidity, 
ortho-P, and a simpler structure of less bank undercut and coarse substrate (Figure 5). Within the six 
northern streams, however. Four Mile Creek appeared distant from the other five in habitat features. 
Current distinctions in stream habitat aspects between northern and southern Iowa may be 
attributable to a combination of agricultural activities and natural variations in soil type and topography. 
Southern Iowa is noted for its thick loess cover and rolling landscapes, thusmuch of it is most suitable 
for grazing landuse. Incorporated with agricultural disturbances, elevated turbidity and severe 
sedimentation occur in the southern streams. Higher soil erosion rates and the steeper gradient of the 
southern watersheds may also contribute to the high ortho-P concentrations in streams due to rich 
organic phosphorus content from plant detritus or artificial chemicals in the surface soil (Wetzel 1983). 
On the other hand, the northern streams display a greater habitat diversity, and lower ortho-p and 
turbidity after agricultural disturbances, perhaps because of the gentle landscape or generally bare or 
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thin loess deposits. 
Four Mile Creek is located at the southern end of the IS. The landscape of the IS is generally 
low-reliefs. However, The southern end of the IS demonstrates a steeper slope, elongated ridges, and 
isolated oblong hills known as pahas (Prior 1991). The pahas are remnants of earlier land surfaces 
that escaped erosion. Within the IS, the southern region is also covered by a thicker layer of loess-
based soil. Thus, the separation of Four Mile Creek from the other five northern streams by habitat 
features may have resulted from the landscape characteristics of the pahas. 
Fish communities 
General structure of ecological groups After more than 150 years of agricultural 
practices, headwater fish compositions have gradually changed from species adapted to cooler, clearer 
waters to those sustained in warmer, more turbid habitats (Section I). The present study further 
indicates that species dominant in the headwaters have certain physiological, trophic, reproductive, and 
behavioral advantages over the rarely occurring species (Tables 5,6,7). The dominant species 
displayed headwater affinities, where species tend to have adaptations to survive situations like shallow 
depth, high temperature, and sudden changes of flow regimes (Matthews and Styron 1981). Extended 
spawning periods and multiple reproductive periods are also typical in the dominant species, for 
example, bluntnose minnow (Starratt 1950) and fathead minnow (Paloumpis 1956). Such species also 
tend to be less selective in their food sources and spawning substrates or structures. Nesting and 
guarding behavior are also common among the dominant species, however, several rare species 
displayed similar behavior. Nesting and guarding behavior may increase the emergence and survival 
rate of young in agriculturally disturbed headwaters. For example, parents guarding eggs typically 
provide a flow of water over the eggs by fanning or other means, thus this behavior may increase 
oxygen supply and remove silt-deposits from eggs (Muncy et al. 1979). 
The present assignment of reproductive features was simplified from the study of Berkman and 
Rabeni (1987), which was based on Muncy et al (1979). Although some contrasts were shown, the 
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present study nnay be inadequate for revealing a finer picture on the reproductive confiponents of 
headwater fishes to agricultural perturbations. To answer questions such as why have some complex 
spawners prevailed and others have not in the agriculturally disturbed streams, it is necessary to 
include more detailed investigations, such as the importance of visual stimulation in spawning process 
and how it is affected by an agricultural disturbance like siltation (Muncy et al. 1979). 
Trophic guild composition The omnivore guild generally dominated the trophic 
composition of the fish communities (Table 17). From the perspective of the River Continuum Concept 
(RCC), this characteristic may have a significant effect on the midsize or larger river fishery. The RCC 
hypothesizes that the interaction between the environment (flow, riparian forest, and turbidity) and the 
organic energy bases result in a relatively predictable pattern of lotic community structure and function 
from upstream to downstream areas (Vannote et al. 1980). The RCC predicts that headwater fishes 
are generally dominated by insectivores i^esponse to the various invertebrate groups which utilize the 
allochthonous inputs of coarse organic particles. In the midreach river sections, fish trophic guilds are 
dominated by insectivores or insectivore-piscivores although the trophic state may change to 
autotrophic due to open channels. The downstream area displays a more diversified trophic 
composition in fish communities with increasing omnivores and herbivores, while retaining the 
insectivores and insectivore-piscivores. 
In the study streams, the fish communities exhibited mid-size or downstream trophic guild 
characteristics as described in the RCC because of the dominance of omnivores (Table 17). This 
seems to be a typical situation in the Corn Belt region. Karr et al. (1985) reported that there has been 
a historical increase of omnivores and herbivore-detritivores and a decrease in insectivores and 
insectivore-piscivores in the mid-river and downstream sections of the Illinois and Maumee rivers. In the 
Iowa region of the WCBPE, the state survey data of Paragamian (1990) also showed that midriver and 
downstream trophic compositions were dominated by omnivores in all the subecoregions. Headwater 
streams play a major role in downstream fish recruitment (Schlosser 1982). Thus, agricultural landuse 
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in the headwater may have a significant impact on fish trophic structure and stability throughout the river 
system. Moreover, agricultural modifications in headwaters may be a major factor responsible for the 
alteration of trophic structures in many Midwestern rivers, from insectivores and insectivore-piscivores to 
omnivores and herbivore-detritivores. 
Distribution of headwater fishes The annual PCA results separated the streams into two 
groups based on the fish community features of species richness and proportional individuals of 
insectivores and omnivores (Figure 6). The fish communities in the four southern streams tended to 
have fewer species, a lower proportion of insectivores, and a greater proportion of omnivores, while the 
northern streams displayed an opposite pattern. Within the six northern streams, Four Mile and 
Walnut-S creeks were distinctive from the others. 
The associations between the fish communities and habitat features revealed that greater bank 
undercut, coarse substrate water clarity, and lower ortho-P were related to more species, a greater 
proportion of insectivores and a lower proportion of omnivores (Figure 8). Again, Four Mile Creek had 
characteristics intermediate between the four southern streams and the other five northern ones. 
Similar to habitat features, the community structure and trophic composition of headwater 
fishes may also be influenced by the interactions of surface deposits and agricultural practices. 
Historically, in association with clearer water and coarser substrates, more stream fish species tend to 
be recorded in the northern subecoregions (IS = 94, DML = 89, NILP = 57) than in the southern region 
(ESIDP = 61, WSIDP = 52) (Menzel 1987). Thus, following agricultural disturbances, this natural 
habitat variation may still dictate community structural and functional characteristics, or more species 
may be retained in northern headwaters because of a larger species pool in the fish communities. 
As discussed in the habitat feature section, headwaters in southern Iowa demonstrate a lower 
bank undercut volume, proportion of coarse substrate, and water clarity compared to the northern 
region of the state. Fish species diversity generally increases according to habitat complexity in 
temperate and tropical streams (Gorman & Karr 1978, Schlosser 1982). The fact that increasing 
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sedimentation reduces insect diversity, density, and species richness in streams and rivers is also well-
documented (Chutter 1969, Brusven & Prather 1974). Fish insectivores may decrease as the 
magnitude of stream sedimentation, turbidity, or other agriculturally associated disturbances increases. 
Omnivores are generally more opportunistic in their foraging behavior and may rely less on vision to 
conduct a food search. Therefore, omnivores may be able to modify their feeding habits more easily in 
small agricultural streams than feeding specialists such as insectivores (Starrett 1950). 
Due to its location in a paha area in the IS, Four Mile Creek appeared distant from the other 
five northern streams in habitat conditions, with less bank undercut, coarse substrate, a greater ortho-P 
content, and turbid waters. These habitat characteristics may have generated the separation of the fish 
community in Four Mile Creek from other northern headwaters (Menzel et al. 1984). 
Associations between the watershed, habitat, and fish community features On an 
annual basis, the correlations between watershed, habitat, and fish community features are significant 
(Figures 7, 8). The natural variations of loess-based deposits and the addition of agricultural 
disturbances interact to shape these patterns. The northern, rowcrop-dominated watersheds appeared 
to show a greater bank undercut volume, coarser substrate, and clearer water. This better habitat 
condition tends to promote greater species richness, a greater proportion of insectivores, and a lower 
proportion of omnivores. Increasing grazing landuse in watersheds tends to display an opposite trend 
in habitat and fish community features. 
Despite a significant correlation was identified on an annual basis, few correlations were 
significant seasonally among the watershed, habitat, and fish community features. A moderate degree 
of correspondence existed on an annual basis between stream habitat and fish communities (Figure 
13), but not on a seasonal basis (Figures 9,10,11,12). 
This pattern indicated that the variations or correlations between the ecological components of 
small agricultural streams can be detected, but that a single seasonal sample may not be adequate to 
reveal the relationship. Typically, due to weather conditions, stream studies in the Midwestern region 
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have been conducted in the warm season or have relied on a single seasonal sample to derive 
conclusions or predictions (Grossman et al. 1982). Thus, to identify ecological patterns or to monitor 
stream quality in headwaters or perhaps other disturbed lotic systems, multiple seasonal samples and 
an extended sampling period, such as yearly, are preferred. 
The lack of seasonal associations between habitat and fish community may be attributable to 
precipitation, which was not included in the present analysis. Seasonally, precipitation contributes 
significantly in modifying stream flow, habitat volume, habitat complexity, and transporting terrestrial 
organic or inorganic materials such as sediment and excess nutrient into headwaters. Thus, to 
understand the causal mechanisms in structuring headwater fishes, it may be advantageous to include 
precipitation to account for seasonal variations. 
Restoration of headwater fish communities 
To remedy the habitat and fish community quality in headwater streams in Iowa of the WCBPE, 
conservation practices may be oriented toward increasing coarse substrates, water clarity, and habitat 
complexity, while decreasing ortho-P. Incorporating of conservation practices such as riparian forest 
zones, grass waterways, and terraces etc., in agricultural land has been evidenced to reduce the 
terrestrial inputs of sediment and excess nutrients, and pesticides (Osborne and Kovacic 1993). 
Artificially placing complex structures or constructing small impoundments within stream channels may 
also improve the habitat quality through increasing habitat complexity. However, when similar 
conservation efforts are applied, more significant improvement in the habitat and fish community 
conditions may be expected in northern headwaters than in southern regions due to natural limitations 
in soil type and topography. 
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The IBI Assumptions 
The results of this study supported the usage of three metrics of total species, proportional 
individuals of insectivores, and proportional individuals of omnivores in the IBI to evaluate agricultural 
perturbations of headwater streams. The total individual metric showed a marginally significant 
relationship with annual fish component 1 (Table 22). In addition, if this metric was included in the 
annual fish component 1 to related with the annual habitat component 1, the variation of this fish 
community features displayed a decreasing trend in the deteriorated habitat conditions as predicted by 
the IBI. Thus, based on the present study, a simplified IBI with four metrics, including the metrics of 
total species, total individuals, proportional individuals as insectivores, and proportional individuals as 
omnivores, is suggested for assessing headwater quality in the Iowa region of the WCBPE, How to 
resolve score assignments and integrity classifications for this simplified IBI needs further examinations. 
Non-correspondence of trophic group metrics and the final IBI values has been identified in 
several studies (Angermeier and Karr 1986, Liang 1990). Explanations for this inconsistency may be 
placed on the misclassification of trophic groups, inappropriate selection of the IBI metrics, and a lack 
of understanding of the connections among the IBI metrics. 
Few guidelines have been proposed for classifying fish species into various fish community 
functional guilds (Fausch et al. 1990). Determination of food habits is typically more difficult for fish 
than for other vertebrates because various species, especially game fishes, exhibit ontogenetic shifts in 
feeding habits (Pflieger 1975). Spatial variations in food selection may also appear in fish species. 
Karr et al. (1986) placed two abundant fish species in the Midwest headwaters, the sand shiner and 
bigmouth shiner, into the insectivore guild. However, in Iowa and Missouri, both were regarded as 
omnivores (Starrett 1950, Berkman and Rabeni 1987). Thus, for applications of the IBI, regional 
standardizations on the fish trophic assignments are necessary. 
Both general insectivores and cyprinid insectivores have been used in the IBI applications to 
evaluate stream quality (Karr et al. 1986, Miller et al. 1988, Crumby et al. 1990). Karr et al. (1986) 
recommended use of cyprinid insectivore for the Midwest region and use of general insectivores in 
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larger rivers or in the southeast states. In this study, the proportion of all individuals as insectivores 
corresponded with the improvement of habitat quality. Thus, this metric may be more appropriate for 
the future applications of the IBI in small agricultural streams of Iowa. 
According to Karr et al. (1986), each metric in the IBI serves for evaluating a particular habitat 
degradation. For example, the sucker species metric is considered to be sensitive to habitat and 
chemical degradations, while the sunfish metric measures the deterioration of pool habitat. For a 
biological monitoring index, this additive approach may increase the sensitivity of the IBI to diverse 
artificial and regional disturbances. However, it may also risk adding the possibility of intermetric 
correlations. After over a decade of examinations and applications, present understandings on the 
interactions among the IBI metrics are still scarce. Apparently, more investigations are necessary to 
examine the correlations among the IBI metrics. 
Structuring Mechanism of Headwater Fish Communities 
During the last decade, a research challenge has been to determine the relative importance of 
environmental and biological processes in structuring fish communities. Two alternative hypotheses 
have been proposed: the "stochastic" hypothesis and the "deterministic" hypothesis (Grossman et al. 
1982, Yant et al. 1984). As summarized by Grossman et al. (1982), the stochastic hypothesis proposes 
that an equilibrium community is rarely developed in lotic systems because of unstable physiochemical 
environments, and that relative species abundance is primarily determined by the diverse responses of 
species to unpredictable environmental fluctuations. The deterministic hypothesis suggests that stream 
fish assemblages are generally maintained at equilibrium and that biological interactions, like 
competition and predation, are the main factor determining community structures. An equilibrium 
community is identified when the composition and relative abundance of species remain stable over 
time (Grossman et al. 1982). 
Environmental features may play an important role in structuring fish communities in the 
headwater streams of Iowa. In this study, the fluctuation of fish species and trophic guilds were 
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significantly correlated with the variations of several habitat features on an annual basis. The seasonal 
correspondences offish connmunities and habitat conditions were unsuccessful. Fish communities 
were dominated by opportunists in the headwaters. Thus, the variations of headwater fishes are 
associated with environmental factors and respond quickly to the seasonal alterations of stream habitat 
conditions. 
The importance of biological factors in controlling headwater fishes is still inconclusive. In this 
study, information was not collected to assess the intensity of biological interactions among headwater 
fishes. Additionally, few piscivores were encountered in the fish collections. 
A traditional concept relative to fish sampling may not apply well if a study intends to assess the 
importance of predation in structuring headwater fishes. Typically, artificial structures, like bridges, are 
purposely avoided for fish collections. Small Midwestern agricultural streams are characterized with 
shallow depth, straightened channel, and simple habitat structure of few snags and wooded debris. 
Deeper pools, firm substrate, and wooded debris commonly occur under or surrounding a bridge. 
Commonly, large, predator fishes are noticeably congregated around a bridge. Thus, to obtain a 
complete picture offish communities, especially for larger individuals or piscivores, in the headwater 
streams of Iowa or the Midwestern region, sampling around bridges or other artificial solid, complex 
structures may present a more complete picture of fish community structure. 
From the perspective of landscape ecology, the deep pools, large-sized substrate particles, 
and woody debris under or around a bridge may provide a reproductive habitat for fish and aquatic 
invertebrates. Therefore, the area around bridges may develop into a "source" region, while the 
simple, straightened stream section between bridges may become a "sink" area (Pulliam 1988). 
Recommendations for Biological Monitoring Protocol 
Researchers frequently search for the optimal sampling season offish communities for 
biological monitoring (Angermeier and Karr 1986, Angermeier and Schlosser 1987, Karr et al. 1987). 
The notions for identifying the optimal sampling season are either to reduce fish sampling efforts or to 
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avoid interference from young-of-year fishes, while still appropriately evaluating the stream quality. For 
example, to avoid the young-of-year fishes, the optimal sampling time to apply the IBI is frequently 
suggested in spring or early summer (Angermeier and Karr 1986, Angermeier and Schlosser 1987, 
Karr etal. 1987). 
In the present study, stream ratings in the habitat quality and fish community structure were 
seasonally incongruous. However, annually, the fish community and habitat condition were generally in 
correspondence. Thus, in the Iowa or Midwest headwaters, a single, seasonal fish collection in the so-
called optimal sampling season may not appropriately reflect stream quality. 
Based on the present study, a biological monitoring protocol was proposed to improve 
accuracy in evaluating the quality of Midwestern headwaters using fish communities. To achieve this 
objective, the procedure was divided into two periods. First, fish collections were made seasonally to 
evaluate the magnitude of seasonal variations in stream fish communities due to migrations and stream 
locations in the drainage. 
The headwater fishes in the midwestern region generally migrate upstream in early spring/late 
winter for reproduction and move downstream before winter to escape from freezing. In between, 
fishes also frequently display up- or downstream movements for various reasons; predator avoidance 
(Schlosser 1982), food search, habitat requirements (Schlosser 1991), and harsh environments like 
drought (Larimore et al. 1958, Schlosser 1987). 
Downstream waterbodies and stream locations in the drainage network frequently influence 
the headwater fish communities. Various species like cyprinids, suckers, catfish, and characids have all 
been documented to move from downstream lotic or lentic habitats to breed or feed in upstream 
tributaries (Hynes 1970, Baker 1978). Significantly more fish species were collected from those 
tributaries located lower in a drainage network and connected to higher order streams than from those 
similarly sized streams situated in the headwater sections (Osborne and Wiley 1992). 
After the local characteristics of stream fish communities are documented, it is suggested to 
take at least two monitoring collections per year. The first fish collection could be made during early 
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summer, after recolonization by most breeding fish has occurred but before the young-of-the-year fish 
appear (Karr et al. 1987). In this period of year, stream fish communities may exhibit diverse species 
composition and higher density. Additional fish samples are suggested to be made during the colder 
season to monitor resident communities. Compared to the early summer samples, the fish collections 
of resident communities may represent a period of lower species richness and abundance on an 
annual basis. Depending on how the environmental index is engineered, the ratings of these two 
biological samples could be compared or averaged to determine stream quality. 
This monitoring protocol evaluates the stream quality based on two different conditions of 
headwater fish communities on an annual basis. Although greater financial and manpower support is 
required, conducting two measures per year also provides an annual replication for statistical analyses 
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SECTION III 
THE USE OF LINEAR STRUCTURAL RELATIONS (LISREL) MODELS 
TO INVESTIGATE THE CAUSAL MECHANISMS OF ENVIRONMENTAL FACTORS 
ON HEADWATER FISH COMMUNITIES IN IOWA 
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INTRODUCTION 
Interest has recently increased in using fish communities for assessing the environmental 
quality of lotic waters (Karr 1981). However, the temporal and spatial unpredictability of lotic fish 
communities may make them difficult to use for monitoring (Moyle 1994). 
Many of today's streams have been altered by human activities in their watersheds including 
farming, livestock grazing, logging, and urbanization, or a combination thereof. For example, Karr et al. 
(1985) reported Midwest streams are so intensively modified that natural fish assemblages may only 
exist in some pocket areas of wooded regions. However, these stream segments are still affected by 
alterations or pollution from up- and downstream. Thus, understanding the regulation mechanisms of 
lotic fish communities, especially in artificially modified streams, is critical for utilizing lotic fishes to 
evaluate stream quality. 
Structural Mechanisms of Headwater Fish Communities 
Three structural mechanisms have been proposed for stream fish communities. Some 
investigators address the critical role of physical variability in generating the temporal changes of 
community structure (Grossman et al. 1982). Angermeier (1987) considered habitat features important 
to the distribution and abundance of stream fishes to be depth, current, substrate, and cover. On the 
other hand, documentations of temporal stability in stream fish communities (Moyle & Vondracek 1985) 
stress the importance of biological interactions (Power et al. 1985). Finally, recent studies suggest both 
habitat features and biological interactions may interact simultaneously to structure local fish 
assemblages (Schlosser 1985,1987). Despite such divergent views, these conclusions were mainly 
derived from consideration of instream variables and processes. 
Regulation mechanisms of environmental factors on fish communities have been examined in 
Midwestern small agricultural streams. One of the most intensively studied small streams in North 
America, Jordan Creek in Illinois, has been agriculturally disturbed. Based on a series of studies on this 
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Creek, a framework was conceptualized to illustrate the regulation mechanism for fish communities in 
small warmwater streams. Schlosser (1987) proposed that habitat heterogeneity and stability, as 
reflected by pool development, strongly structures fish communities in small warmwater streams 
through providing diverse habitat and refugia from predation and harsh environmental conditions. 
The fish guild concept was also used to explore regulation mechanisms of environmental 
factors on stream fishes. The concept of ecological guild was defined as".... species that exploit the 
same class of environmental resource in a similar way" (Root 1967). The guild concept is effective in 
summarizing information when a large number of species or a wide range of areas is considered. Fish 
trophic guilds have also been incorporated into a biological monitoring index, the Index of Biotic 
Integrity, to assess stream quality (Karr et al. 1986). 
Menzel et al. (1984) studied the relationships between water quality, physical habitat structure, 
and fish communities for 10 small streams in northeastern Iowa. The results showed that the 
complexity of fish community structure was associated with water quality and habitat heterogeneity. 
Berkman and Rabeni (1987) sampled three Missouri agricultural streams and reported fish benthic 
insectivores and herbivores within the riffle habitat were negatively correlated with the magnitude of 
stream sedimentation. 
Large-Scale Factors and Direct/Indirect Approaches 
An emerging view in community ecology is that local assemblage structure is shaped not only 
by local processes, but also by large scale environmental factors (Ricklefs & Schuler 1993). 
Additionally, there is a growing awareness that environmental factors may not only directly affect (i.e., 
lethal toxic concentration) but also indirectly influence (e.g., high temperature may generate low 
dissolved oxygen) the aquatic community structure (Wootton 1994). 
Precipitation and landuse are important factors determining agricultural influences on stream 
habitat. To evaluate the agricultural impacts on lotic waters, various environmental models have been 
constructed, for example ANSWERS and CREAMS (Rudra et al. 1993). In these environmental 
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models, local rainfall amount and agricultural landuse intensity are included to assess and predict 
agricultural disturbances on stream systems. However, these environmental models do not evaluate 
the impacts of agricultural perturbations on the stream fish communities. 
It is necessary to use the direct and indirect effect approaches to study the regulation 
mechanism of environmental factors on fish communities in small agricultural streams. Agricultural 
pollution sources include insecticides, pesticides, fertilizers, sediment, and animal waste, which impact 
lotic habitats and organisms in a diffuse and widespread fashion (Duttweiler and Nicholson 1983). 
Currently, indirect regulatory mechanisms on stream fish communities are not well examined perhaps 
because of the complexity of mathematics in modeling environmental interactions with multispecies 
systems. 
New Applications of Statistical Techniques 
Conventional statistical techniques may have limited success for identifying the direct/indirect 
effects of environmental factors on stream fishes (Johnson et al. 1991). It is relatively easy to identify 
the significant difference or correlation between variables using ANOVA or regression analysis, 
however, these methods have difficulty demonstrating the indirect relationships. Additonally, with the 
exception of regression analysis, ANOVA and multivariate techniques, like principal components 
analysis, are not predictive. Thus, conventional statistical methods are generally unable to fully reveal 
the interaction structures between variables. 
Because of the deficiencies in traditional statistical tools, path analysis, a statistical analysis 
commonly used in social science, has recently been adopted by aquatic ecologists to study heavy 
metal toxicity (Fjeld & Rognerud 1993) and the food web (Wootton 1994). These studies demonstrated 
that the application of path analysis furthers the understanding of the biological accumulation of 
mercury toxicity and the top-down regulation mechanism between intertidal organisms. 
Path analysis can be used to assess the covariation between environmental factors and animal 
communities to reveal the interaction structure (Hatcher 1994). Given an initial hypothesis, path 
121 
analysis suggests alternative hypotheses to correctly describe the causal mechanisnns between 
variables and evaluate the relative strength of the direct and indirect interactions between variables. 
In addition to path analysis, another potential statistical technique for evaluating environmental 
and community interactions is linear structure relations (LISREL) Models (Hayduk 1987). LISREL is a 
path analytical technique that incorporates factor analysis and path analysis. Differing from traditional 
path analysis which applies least squares methods to actual variables, LISREL models ecological 
interactions by employing maximum likelihood estimation on a series of concepts, with each concept 
indicated by one or more actual variables. 
Compared to path analysis, LISREL has several advantages which were recognized when it 
was applied on a pond-scale mesocosm study to evaluate potential toxic effects on aquatic organisms 
(Johnson et al. 1991). First, LISREL incorporates measurement error into the modeling process by 
separating theoretical concepts from their indicator variables. Researchers are allowed to specify a 
portion of the error variance of the indicator variables that is known to be measurement error. Second, 
LISREL grants multiple indicators for a single concept and provides a resolution of how well the 
indicator variables represent the concept. Third, reciprocal causation is permitted in LISREL modeling 
because LISREL uses maximum likelihood estimation. Thus, ecological concepts w/ith feedback 
mechanisms (e.g., predator-prey interactions) can be incorporated into any LISREL model. Finally, 
LISREL provides a test for the statistical significance of model fitting and each pathway. Despite these 
advantages, LISREL analysis has not been performed on stream fish databases. 
Headwaters and recent climatic patterns in Iowa provide an opportunity for the application of 
LISREL analysis to explore the causal mechanisms of environmental factors on fish communities in 
artificially altered streams. Countless small and headwater streams in Iowa have been severely 
modified by agricultural practices. Additionally, because of the 1993 flooding, the 1992 and 1993 
databases developed here were able to investigate the causal interactions of environmental factors on 
headwater fish communities under regular and high flow regimes (Figure 1). Thus, using LISREL as 
the statistical analytical technique, several questions were asked; 
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Figure 1. Mean monthly precipitation in Iowa during 1961-90,1992, and 1993. 
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1. Which environmental factors are significant in structuring fish communities in small 
agricultural streams under normal and high flow regimes, respectively? Are there differences 
present in structural factors between contrasting flow patterns? 
2. Can LISREL be used to reveal the causal mechanisms of environmental factors in 
structuring headwater fish communities? 
Three hypotheses were tested: 
1. Under a normal flow regime, the headwater fish communities in 10 Iowa streams are 
regulated by the precipitation, watershed agricultural landuse, and their interactions with instream 
habitat features. 
2. The importance of flow regimes in structuring headwater fish communities increases 
during high discharge. 
3. LISREL models can be developed using the 1992 and 1993 environmental and fish 
databases from the streams to reveal the causal mechanisms of environmental factors on 
headwater fish communities. 
The objectives of this study were: 
1. To determine the causal mechanisms of environmental factors in structuring headwater 
fish communities in ten Iowa streams under normal flow and high flow regimes, and to make 
comparisons between them; and 
2. To identify advantages and potential problems on the use of LISREL in ecological studies 
using a stream fish database; 
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STUDY AREA 
The data base was derived from the Iowa region of the Western Corn Belt Plains ecoregion 
(WCBPE) (Omernik 1987) (Figure 2). Massive agricultural activities for rowcrop and livestock 
production are typical throughout the Western Corn Belt ecoregion. 
Within the Iowa portion of the WCBPE, five subecoregions have been defined according to 
variations of landuse, vegetation, soil types, and topography (Griffith et al. 1994). Two headwater 
streams were selected in each of the five subecoregions to reflect the stream and fish community 
variations because of landscape components. According to field inspections, the streams were 
selected to reflect the drainage landuse of particular subecoregions. The drainage areas of these ten 
low-gradient headwater streams were less than 90 km^. 
Agricultural practices are the dominant landuse in all selected watersheds (Table 1). Few 
forest and water bodies exist in all catchments. Drainage density is similar among streams ranging 
from 0.9 to 1.5 km/km^. There is considerable variation in the highly erodible land among watersheds 
suggesting that the natural potential of soil erosion may vary among the 10 watersheds. 
In all the streams, extensive tile drainage, limited riparian wooded vegetation, and intensive 
channelization are common. Generally, due to agricultural modifications, habitat conditions across the 
10 streams are characterized by frequent flow extremes, low baseflow, elevated sediment, fine 
substrate, and artificial chemical loadings. 
Except for Bear Creek, the mean minimum riparian forest zones are generally narrower than 
20 m in all streams (Table 1). Agricultural activities commonly border along one or both sides of the 
stream channel, especially along Powell, Rock, and Seven Mile creeks. 
Five 50-m stream segments were, in general, chosen longitudinally in the main channel (Figure 
3). Despite the small drainage area and intensive agricultural perturbations, the wetted stream width 
typically increased in a downstream direction (Table 2). 
1. Rock Creek [Cherokee] 5. 
2. Powell Creek [Storm Lake] 6. 
3. Beemis Creek [Charles City]] 7. 
4. Four Mile Creek [Marshalitownl 
Bear Creek [Ames] 
Walnut Creek, Story County [Ames] 
Seven Mile Creek [Atlantic] 
8. Three Mile Creek [Creston] 
9. Walnut Creek, Jasper County [Newton] 
10. Buck Creek [Grinnell] 
Figure 2. Locations of the 10 studied headwater streams (with selected weather stations of each stream in brackets). 
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Table 1. Means of watershed characteristics (with coefficient of variation in parentheses). 
Drainage Highly Riparian 
Rowcrop Grazing Forest Water Density Erodible Forest 
Streams Area (%) Area (%) Area (%) Bodies (%) (km/km^) Land (%) Zone (m] 
Buck (BK) 66.1 26.6 5.6 0.6 1.5 63.2 16.4 
(5.8) (14.4) (5.7) (9.1) (3.5) (1.0 (205.2) 
Beemis (BM) 89.7 8.0 0.7 0 1.3 5.7 1.9 
(2.7) (28.7) (26.5) (3.2) (56.9) (205.2) 
Bear (BR) 92.3 4.9 0.4 <0.1 0.9 15.1 69.0 
(2.0) (19.6) (150.1 (115.0) (5.3) (14.0) (194.2) 
Powell (PW) 88.3 4.6 0.3 0.2 1.1 15.1 0 
(2.4) (33.0) (0.0) (38.1) (10.8) (14.0) 
Roci< (RK) 87.1 10.8 0.5 0 1.3 20.8 0 
(0.5) (5.5) (22.7) (3.2) (28.5) 
Walnut-J (WJ) 85.1 10.7 1.7 0.1 1.1 49.9 2.6 
(4.2) (30.8) (69.0) (64.9) (5.9) (6.1) (171.1) 
Walnut-S (WS)91.9 3.8 1.6 <0.1 0.5 7.2 11.1 
(4.7) (58.2) (98.9) (205.2) (51.8) (46.8) (100.2) 
3 Mile (3M) 70.2 27.4 0.8 0.6 1.3 61.1 0.8 
(7.0) (14.0) (105.8) (31.7) (5.8) (1.4) (204.1) 
4 Mile (4M) 92.8 4.8 0.5 <0.1 1.1 36.4 1.3 
(3.4) (59.9) (78.2) (192.5) (13.9) (26.5) 205.2) 
7 Mile (7M) 88.7 9.2 0.1 0.1 1.4 49.9 0 
(3.0) (28.4) (126.0) (<0.1) (3.4) (2.6) 
() Stream abbreviations are listed in parentheses. 
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Table 2. Site means of stream width in 1992; with sites one to five longitudinally arranged from 
upstream to downstream except powell Creek. 
Streams 
Sites BK BM BR PW RK WJ WS 3M 4M 7M 
1 2.0 3.5 3.3 3.6 3.6 1.2 3.2 2.5 2.5 2.4 
(12.0) (7.7) (1.7) (6.1) (3.3) (7.8) (15.1) (34.5) (14.9) (22.1) 
2 3.0 1.6 3.1 3.8 2.4 3.8 2.8 2.1 3.0 2.8 
(11.3) (9.2) (8.5) (17.5) (12.6) (29.0) (15.1) (33.0) (37.8) (4.2) 
3 4.4 3.4 3.6 3.0 3.7 2.9 4.3 2.7 3.7 3.6 
(4.7) (11.2) (13.8) (8.8) (11.9) (20.6) (4.8) (14.8) (14.3) (8.2) 
4 4.2 3.6 4.9 4.4 3.8 3.1 3.6 2.9 4.9 4.1 
(5.5) (4.1) (9.9) (6.7) (4.7) (8.7) (31.0) (14.1) (9.9) 10.2) 
5 4.8 3.1 5.5 4.2 6.3 4.2 5.3 3.8 7.4 3.3 
(4.0) (6.7) (4.8) (9.5) (3.9) (8.5) (14.5) (12.0) (16.3) (8.1) 
Note: Stream abbreviations were shown in Table 1. 
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MATERIALS AND METHODS 
Field work was conducted in 1992 and 1993. Fish collections and environmental 
measurements were made seasonally in late March-April (late winter-early spring), late May-June 
(early summer), late July-August (late summer), and October-November (early fall) in both years. 
Field work was conducted under basefiow conditions for each season during 1992. In 1993, not all of 
the seasonal samples were collected under basefiow conditions because of flooding. 
In 1993, June sampling was made in only four often streams, including Walnut-J, Three Mile, 
Seven Mile, and Buck creeks because of flooding. Thus, a September season was added. 
Precipitation Data 
Monthly precipitation data were used to account for stochastic variations in stream habitat 
conditions. Precipitation data were obtained from National Oceanic and Atmospheric Administration 
reports which list monthly precipitation recorded at official weather stations (NOAA1992,1993). 
To determine the precipitation amount that may affect the stream flow in each sampling 
season, the monthly precipitation database of the closest weather station was first located for each 
stream (Figure 2). Then, each month was divided into three time periods: the first ten days, the 11th to 
20th, and those after the 21st. According to the sampling date within a month, three different methods 
were used to seasonally calculate the recent rainfall amount for each stream. If the field work was 
conducted in the first ten days of a month, the total precipitation amount of previous month was used. 
The total amount of rainfall in the previous and sampling months were averaged if the field collections 
were made between the 11th to 20th days of any month. Finally, the total rainfall of a sampling month 
was assigned to a stream whenever its sampling date was after the 21st of a month. The same 
precipitation amount was assigned to the five sampling sites in a stream. 
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Watershed Variables 
Watershed data sets were acquired from the Iowa State University Department of Animal 
Ecology Geographical Information System (GIS) laboratory and the Kansas Biological Survey GIS 
laboratory. Aerial photographs (black and white, scale 1:40,000,1990) were used to develop digitized 
landscape data sets. The digitized landscape data sets were integrated using PC ARC/INFO software. 
The same watershed database was used overtime because no significant watershed 
modification was observed during sampling period. Each watershed variable for a sampling site 
accounted for a particular landscape component in the entire area above the sites (Figure 3). 
The drainage density (total stream length/drainage area), sinuosity, catchment slope, stream 
slope, proportional area of highly erodible land, and proportional area of hydric soil were computed for 
each sampling site to account for the variations in drainage networks, topography, and soil types 
among the 10 studied watersheds. The calculation of catchment slope, stream slope, and sinuosity 
followed techniques described in Gordon et al. (1992). Highly erodible land and hydric soil were 
defined according to the U.S. Department of Agriculture Soil Survey Manual (1993). Landuse variables 
included proportion of total area as rowcrop land, grazing land, forest land, water bodies (mainly 
farmponds), and human properties (feedlots and farm buildings). 
Water Quality 
Conductivity, turbidity, pH, and dissolved oxygen were monitored on-site with a HORIBA U-10 
Water Checker. Two sets of water samples were collected in the upper, middle, and lower parts of 
each stream section, respectively. One set was transported to the Kansas Biological Survey Water 
Quality Laboratory for nitrate-nitrogen (nitrate-N) analysis. The automated Cadmium Reduction 
Method and high-performance Liquid Chromatographic Method (HPLC) were used in 1992 and 1993, 
respectively, to determine nitrate-N. 
The other set of water samples was analyzed in a field laboratory within 24 hours. 
Orthophosphate (ortho-P) was measured with a Hach DR-100 phosphate colorimeter. A Myron L. DS 
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Figure 3. Drainage map and sampling sites in Bear Creek, a typical stream. 
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meter (Model DP4) was used to measure total dissolved solids. Total alkalinity and hardness were 
determined by titration within 24 hours. 
Site averages of water quality variables were employed for statistical analysis. Some 
measurements had incomplete data sets due to shortages or a malfunction of the analytical 
instruments. In such cases, data from the same stream were averaged over other three sampling 
seasons as dummy variable to fill in the missing data of nitrate-N for April 1992 and September 1993. 
In April 1992, total dissolved solids data were not taken, and dissolved oxygen and pH values 
were available only for Bear and the two Walnut creeks. No total dissolved solids data for Bear Creek 
were reported in June 1992. 
Physical Habitat Variables 
Physical habitat measurements were made seasonally during both years. Five permanent 
transects at each 50-m stream section were established, about 10 m apart, across the streams. 
The wetted stream width along each transect was measured by a Mound City standard 
telescoping fiberglass leveling rod. Water depth, substrate (bedrock, cobble, gravel, sand, hard 
clay/soft silt), fine and coarse organic contents on the channel bottom, macrophytes, and algal mats 
were recorded at both banks and at one-fiflh points of each transect, i.e., six points per transect. Four 
channel canopy cover measurements were taken along each transect using a spherical densiometer at 
both banks and at the stream center. 
A fixed transect about 5 m upstream from each sampling site was used for flow velocity 
measurements. At least five flow measurements were made along the transect using a Swoffer 2100 
current velocity meter. 
Each streambank undercut area was identified and measured for its width, depth, and height 
and expressed as undercut volume. The widths of the wooded riparian zone (from channel bank to the 
nearest farmland) were measured at least once each year along five transects on each bank, 
perpendicular to the channel. 
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Site averages of stream width, stream depth, and flow velocity were calculated. The 
percentage of stream channel canopy cover, substrate, macrophyte, algal mats, and fine and coarse 
organic particles on the stream bottom of each site were computed. The total undercut volume of each 
site was determined from all the identified undercut banks. The coefficient of variation (CV) of stream 
depth was calculated for each site as an indicator of habitat diversity. 
The minimum riparian forest width was determined by first averaging the five transect width 
measurements for each bank. Then, the lower mean of the two stream banks was selected as the 
width of the minimum riparian forest zone. 
Fish Sampling 
Because of the simple habitat structure in the headwater streams in Iowa, seining and 
electrofishing were used in tandem with an emphasis on seining to collect fish samples. Block nets 
(length; 9 m, depth; 1.8 m, mesh size; 3.1 mm) were placed in the upper and lower ends of each 
stream section before sampling to prevent fish escape. The fish collection procedure was initiated by 
four rounds of seining (length; 4.5 m, depth; 1.2 m, mesh size; 3.1 mm) involving upstream movement 
in the first and third rounds and downstream movement in the second and fourth rounds. Immediately 
following seining, an upstream electrofishing pass was made with a Smith-Root 15-B backpack 
electrofisher. Fishes retained in the downstream block net were also collected to add the sampling 
completeness. 
Ail fish collections were preserved in a 10% formalin solution and returned to the laboratory for 
identification and enumeration. Fishes were identified to species, and assigned to one of four trophic 
guilds based on literature (Karr et al. 1986; Menzel 1987; Pflieger 1975; Starrett 1948,1950) (Appendix 
J). The total body length of each individual fish was measured to the nearest 0.1 cm. The total number 
of individuals and group weight of each species were computed for each site. 
Because most headwater species are small size fishes, abundance in this study was 
represented by the total number of adult fishes per 10m stream length rather than biomass. This 
133 
avoided an influence by rare, larger individuals. Biomass and numerical abundances of each species 
were significantly correlated in each season (Pearson correlation, r = 0.85 to 0.97, P < 0.01). 
Linear Structural Relations (LISREL) 
Developed by K. Joreskog and others in 1970, LISREL is the name given to a specialized 
computer program for social and behavioral science research (Agresti and Finlay 1986). The program 
can fit a general collection of models that combine elements of path analysis and factor analysis. In 
brief, LISREL is a covariance structure model that attempts to explain the variance and correlations 
among a set of observed variables in terms of a causal system of unobserved factors. 
LISREL consists of two parts, measurement and structural equation models (Hayduk 1987). 
An example is given in Figure 4. The measurement model details how the observed variables are 
associated with a set of hypothetical factors, called latent variables or concepts. This part of the 
analysis resembles factor analysis, except that there is more structured modeling because the latent 
variables are assigned, a priori, to specific sets of variables. 
In the measurement model, the researcher acknowledges that the observed variables, being 
subject to measurement error and problems with validity and reliability, are imperfect indicators for the 
concepts of true interest. Thus, latent variables are designated to allow modelers using several 
observed variables for a better description on an essential aspect of system. For example, turbidity, 
nitrate-nitrogen, and orthophosphate might be used together as a better indicator for the concept of 
stream water quality than using any of these measurements alone. 
The structural equation model is similar to a path analysis for the latent variables. The 
structural equation model uses linear regression models to delineate causal connections among the 
concepts. 
Two types of concepts—exogenous and endogenous—are identified within the structural 
equation model. Exogenous concepts always act as causes, (i.e., independent variables), and are 
unaffected by any other concepts within the model, but they may be controlled by the researchers. 
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Figure 4. An example of LISREL modeling. 
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Endogenous concepts may sometimes act as causes, but they are always affected by other concepts, 
(i.e., dependent variables). 
Figure 4 depicts two hypothetical exogenous concepts—watershed characteristics and 
precipitation. Additionally, four endogenous concepts are shown including water quality, flow regimes 
and channel morphometry, habitat structure, and fish community structure. 
LISREL utilizes the maximum likelihood estimation technique to generate standardized or 
unstandardized estimates of regression parameters. This approach allows for the fit of models that 
have two-way causation, in which concepts may be regressed on each other. 
To develop ecological models with LISREL, a framework of concepts and the linkage between 
these concepts need to be pre-theorized. Three basic equations, containing four matrices of 
coefficients, and four additional covariance metrics are used to describe the modeling structure 
(Herting 1985, Appendix K). LISREL can be performed using computer programs such as SPSS, SAS 
(Hatcher 1994), or LISREL8 (Joreskog and Sorbom 1993). 
Once a causal model is developed and estimated, it is essential to assess how well it fits the 
underlying or "true" causal process. The fitting function of LISREL is 
F = log III + tr(Sr'') - log |S| - (t) 
where 
F = the fitting function of LISREL; 
S = actual variance/covariance matrix of the original variables; 
1 = variance/covariance matrix implied from the structure of the developed model; and 
t = the total number of indicators (Herting 1985). 
In LISREL, the method developed by Davidson-Fletcher-Powel! is used as an iterative algorithm in 
minimizing F, thus estimating the parameters (Herting 1985). More descriptions of the LISREL 
modeling output are detailed later. 
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STATISTICAL ANALYSES 
Adult fish data were selected for statistical analysis. Because of the malfunction of the 
electrofisher, and thus, incomplete sampling, 19 fish samples were excluded from 1992 data set. 
Totals of 181 and 220 field collections were included for analysis for 1992 and 1993, respectively. 
Because the covariance matrix is more appropriate for LISREL modeling than the correlation 
matrix (Hatcher 1994), environmental and fish data were transformed to accommodate the differences 
in measurement units. An angular transformation of the arc sine square root was performed on all 
percentage data, while a logio(X + 1) transformation was made on all the remaining variables 
(Snedecor and Cochran 1980). All statistical analyses were performed using the transformed data set. 
Data were initially analyzed using analysis of variance (ANOVA), principal factor analysis, and 
linear structural relations (LISREL). Statistical differences between samples were considered 
significant at the 5% level (P = 0.05). 
The annual means were compared by ANOVA to examine the variations of general 
characteristics in the habitat and fish community measures between 1992 and 1993. A LISREL model 
was constructed for each year using each sampling site as a modeling unit to determine the causal 
relationships among watershed features, habitat components, and fish community structures. 
LISREL Model Development 
Variable selections and reductions 
Watershed variables A preliminary analysis was conducted on the 1992 database using 
principal components analysis to associate the stream means of watershed, aquatic habitat, and fish 
community features (Section II). Among watershed variables, a distinction was made between the 
rowcrop area and several variables associated with grazing landuse. 
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Based on the preliminary analysis, six watershed variables contributing to the differentiation 
between the watersheds were selected for LISREL modeling. These were: (1) drainage density and 
proportional area of (2) rowcrop land, (3) grazing land, (4) water bodies, (5) forest land, and (6) highly 
erodible land. 
To reduce the colinearity among the watershed variables, a principal factor analysis was 
performed on the six variables using the 1992 database. After varimax rotation, the first two factors 
explained about 77% of the common variance (Table 3). 
The first two watershed factors are meaningful because they explained a majority of common 
variance (Table 3). However, the result of the preliminary analysis indicates that the major distinctions 
among the watersheds are the agricultural patterns expressed as the proportional area of rowcrop land 
relative to proportional area of grazing land. Thus, the score of the first factor was calculated for each 
sampling site and used for LISREL modeling to indicate a concept of watershed rowcrop/grazing 
landuse ratio. 
Table 3. Principal factor loadings of first two watershed factors. 
Variable Factor 1 Factor 2 
% rowcrop land 0.915 -0.355 
% grazing land -0.798 0.555 
% water bodies -0.903 0.139 
% forest land -0.735 0.033 
% home properties 0.042 -0.939 
% highly erodible land -0.413 0.795 
drainage density -0.551 0.347 
% accumulated explained variance 47.2 77.1 
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Aquatic habitat variables Several habitat measurements that are commonly used to 
evaluate the ecological integrity and the agricultural disturbances on headwater streams were selected 
for initial consideration (Menzel 1983, Karr et al. 1986). These included minimum riparian forest zone 
width, turbidity, nitrate-nitrogen, orthophosphate, stream depth, flow velocity, stream width, depth CV, 
undercut volume, and proportion of macrophytes, algal mats, and coarse substrate (cobble + gravel). 
After examining the covariance matrix of all habitat variables with the watershed and fish data, 
the depth CV was excluded for LISREL modeling because almost a zero covariance was shown. 
Fish community measures Four fish community measures were selected for the LISREL 
modeling because their dynamics displayed a correlation writh environmental variations in a preliminary 
analysis (Section II). They included total species, total individuals, and proportional abundance of 
insectivores and omnivores. A principal factor analysis was performed on 1992 and 1993 databases. 
The first two factors explained 91% and 88% of covariance matrix communality for 1992 and 1993, 
respectively (Table 4). 
The two trophic guilds for both years were grouped into one factor, while total species and total 
individuals were assigned into the other one. The scores of the first two factors for 1992 and 1993 were 
calculated for each site. The score of a factor expressing total fish species and individuals was used to 
develop a LISREL community richness model for each year. A LISREL trophic guild model was 
similarly developed using the score of the other factor, comprised offish insectivores and omnivores. 
Indicator variables and measurement errors 
One of the LISREL advantages is to incorporate measurement error into the modeling process, 
if the magnitude of variation in the indicator variable is due to true measurement error, this amount of 
error can be accounted for by specifying that portion of the variance of the indicator variable to be error 
(Hayduk 1987). LISREL can also estimate the measurement error for each indicator 
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Table 4. Factor loadings of 1992 and 1993 first two fish community factors. 
1992 Factors 1993 Factors 
Features Fishi Fish 2 Fish 1 Fish 2 
Total species 0.05 0.94 -0.94 0.07 
Total individuals 0.06 0.94 -0.94 0.05 
% omnivores 0.96 0.14 -0.27 0.89 
% insectivores -0.96 0.02 -0.12 -0.93 
% accumulated 
explained variance 
46.6 91.5 46.4 88.3 
variable if the value is unknown. Thus, the indicator variables can provide a better description of the 
common underlying concept. 
To reduce the complexity in identifying and matching appropriate indicator variables to various 
concepts, the researcher begins the LISREL modeling process using a single indicator variable for 
each concept (Figure 5). 
Measurement errors of most environmental variables were estimated by researchers of the 
Kansas Biological Survey except for the precipitation and fish data (Table 5). The measurement errors 
of variables were deliberately overestimated based on field conditions and instrumental specification. 
Larger measurement errors than specified by the instruments were assigned to the water quality data 
collected in the field laboratory. High uncertainties were also given to the field measurements of 
instream habitat features. The errors of watershed variables were based on ground truthing 
verification. The measurement error of precipitation data was determined by averaging two extremes 
as 16% if the value was calculated by means of two months, and 33% if the data were selected for the 
sampling month. The 10% measurement error in fish data may also have been overestimated 
although several technicians were involved in fish identification and enumeration. 
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Figure 5. Concept and indicator variables of the initial LISREL model (concepts appear as capital letters and ovals, 
while indicator variables are shown as lower case letters and rectangles). 
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Table 5. Assigned measurement errors and possible measurement interferences for each indicator 
variable. 
Indicator Variables Measurement Error Interference 
watershed landuse 15 misidentification, misinterpretation 
precipitation 25 missed or included extra dates 
turbidity 20 created turbulence while measuring 
nitrate-nitrogen 5 instrument precision 
orthophosphate 20 instrument precision 
water depth 20 uneven bottom, reading error 
stream width 20 meandering stream bank 
flow velocity 20 undetectable flow, uneven stream bottom, shallowness 
algal mats 15 high water level, missed in transect or measuring points 
macrophytes 15 high water level, missed in transect or measuring points 
substrate 10 high water level, missed in transect or measuring points 
bank undercut 20 variable undercut depth, height, and length 
riparian forest zone width 20 uneven boundaries and instrument error 
fish 10 technicians' fish identification experience 
The measurement errors of habitat data were intentionally estimated at the high end to 
generate a conservative estimation of the LISREL models. When a fixed measurement error is 
assigned to each indicator variable, the time required to develop an acceptable LISREL model is 
significantly reduced because the mathematical calculation processes to estimate these values are 
eliminated. After an acceptable LISREL model was generated, the measurement errors of each 
indicator variable could be redefined or freed to develop new models. 
Development of initial models 
Two initial LISREL models were hypothesized for each year. One model focused on the 
causal relationships of watershed features on aquatic habitat components and fish community richness. 
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The other was centered on evaluating the causal connections among the environmental components, 
and between the environmental components and the two fish trophic guilds—insectivores and 
omnivores. 
The path connections between the concepts of the initial 1992 fish trophic guild model are 
shown in Figure 6. In the model, the rowcrop/grazing landuse ratio and precipitation were hypothesized 
as exogenous (independent) concepts to regulate the dynamics of the headwater environment and fish 
communities. The initial causal interactions among environmental factors and between the 
environmental factors and the fish community were determined by inspecting the correlation matrix of 
the 1992 database. Further modifications of the initial LISREL models were based on the suggestions 
in the LISREL output and the theoretical background of the investigator. 
WATERSHED 
LANOUSE ^ 
PRECIPITATION 
RIPARIAN ^ 
FOREST ZONE 
MIDTH ^ 
TURBIDITY, 
STREAI 
.WIDTH 
TLOW > 
VELOCITY/ WATER DEPTH 
ORTHO-P 
BANK > 
.UNDERCUT MACROPHYTES, 
7\LGAL 
MATS 
COARSE 
SUBSTRATI 
FISH COMMUNITY 
STRUCTURE 
Figure 6. Pathways of the 1992 initial LISREL model, with the two exogenous concepts shaded. 
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RESULTS 
Water Quality 
Under prevailing flow regimes, the highest average turbidity was reported from Seven Mile 
Creek, while the lowest value was found in Bear Creek (Table 6). Turbidity increased significantly in 
most streams during high flow conditions. Compared to 1992, the annual mean turbidity in Buck Creek 
increased 13 times in 1993. Bridge construction in the Powell Creek watershed perhaps contributed to 
the higher mean turbidity in 1992 than in 1993. 
The 1993 annual means of nutrient content (i.e., both nitrate-N and orthophosphate) were 
similar to or significantly elevated over 1992 levels for all streams (Table 6). This pattern may be the 
result of excess surface runoff and groundwater inputs due to flooding. 
Physical Habitat Variables 
The annual means of stream width and water depth increased in 1993 over 1992 (Table 7). 
Except in some cases, elevated annual means of flow velocity were also displayed in 1993. The depth 
CV was similar over years. 
Despite higher water levels in 1993, the annual mean of bank undercut volume showed few 
significant differences between years and increased in only three often streams (Table 8). Aquatic 
vegetation was reduced in almost all streams under high flow conditions. No clear pattern of difference 
for coarse substrate was identified among streams between the two years. 
Fish Community Measures 
Ichthyofaunal composition was similar between years (Appendix I). Thirty-six fish species were 
collected. Some rare species taken in 1992 were not found in the following year but some additional 
rare species were reported in 1993. 
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Table 6. Annual stream means of water quality variables in 1992 and 1993. 
Stream 
Turbidity (NTU) Nitrate-N (mg/l) Ortho-P (mg/l) 
1992 1993 1992 1993 1992 1993 
BK 15.9 212.2 3.02 4.40 0.22 0.47 
(55.6) (149.7) (64.6) (19.7) (32.5) (59,0) 
["*] n n 
BM 8.6 53.0 7.98 9.02 0.18 0.25 
(69.1) (96.9) (17.2) (11.3) (58.0) (39.0) 
I*"] n n 
BR 5.6 66.2 8.01 9.07 0.21 0.54 
(52.3) (52.1) (24.3) (7.9) (46.1) (21.3) 
r"] ri r"i 
PW 45.2 13.1 10.22 12.54 0.25 0.42 
(175.5) (50.9) (19.4) (9.6) (73.8) (74.4) 
[NS] r"] n 
RK 27.4 58.8 12.06 16.15 0.29 0.69 
(124.7) (67.3) (24.2) (3.7) (42.2) (42.1) 
n ri r-] 
WJ 72.5 87.2 7.07 9.21 0.30 0.58 
(97.4) (91.8) (50.9) (18.5) (37.3) (69.7) 
[NS] n n 
WS 10.2 33.0 7.20 8.68 0.26 0.73 
(79.4) (67.7) (20.1) (13.7) (67.3) (50.6) 
r"i n r"] 
3M 58.5 117.4 5.99 5.71 0.28 0.71 
(85.3) (42.1) (20.1) (21.9) (37.7) (67.2) 
r"] [NS] r"] 
4M 43.2 45.8 9.27 12.80 0.27 0.54 
(193.2) (79.6) (22.7) (14.1) (44.8) (61.7) 
n r"] n 
7M 115.6 103.3 8.71 9.64 0.29 0.57 
(53.9) (68.6) (18.4) (16.0) (23.7) (44.1) 
[NS] [NS] r"] 
() = coefficient of variation * = P<0.05 
[ ] = results of ANOVA between years ** = P<0.01 
NS = non-significant *** = P<0.001 
Sample size: 
1992: RK=14, BK=15, 3M=17, 4M & 7M=18, BM=19, others=20, 
1993; 3M, 7M, WJ, and BK=25, others=20. 
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Table 7. Annual means of stream flow regimes and channel morphometry in 1992 and 1993. 
Streams 
Width (m) Depth (m) Velocity (m/sec) Depth CV 
1992 1993 1992 1993 1992 1993 1992 1993 
BK 3.7 5.4 0.16 0.24 0.33 0.25 84.3 85.1 
(29.3) (35.1) (51.3) (31.7) (61.0) (56.2) 
n n [NS] 
BM 3.0 4.0 0.14 0.27 0.13 0.21 82.3 82.7 
(25.6 (28.7) (34.8) (44.9) (47.6) (47.3) 
n r"] n 
BR 4.2 6.0 0.17 0.34 0.19 0.27 87.9 85.5 
(24.2) (31.5) (28.8) (23.0) (74.0) (43.1) 
r-] r"] [NS] 
PW 3.8 3.8 0.25 0.28 0.05 0.10 79.8 82.2 
(33.6 (34.4) (25.1) (35.3) (79.0) ^48.5) 
[NS] [NS] ri 
RK 4.0 4.3 0.26 0.30 0.21 0.29 78.5 79.1 
(33.6 (34.4) (31.1) (16.5) (90.8) (42.5) 
[NS] [NS] [NS] 
WJ 3.0 4.4 0.15 0.25 0.23 0.21 83.6 84.2 
(38.7) (29.2) (59.0) (35.0) (69.8) (61.2) 
r*] n INS] 
WS 3.8 5.6 0.17 0.34 0.19 0.27 90.4 82.1 
(28.1) (24.0) (37.5) (36.1) (72.9) (52.0) 
r"i INS] 
3M 2.9 3.2 0.18 0.23 0.18 0.20 78.7 78.9 
(28.1) (27.1) (38.1) (23.6) (98.2) (46.8) 
[NS] n INS] 
4M 4.2 4.6 0.16 0.32 0.19 0.28 83.5 81.7 
(48.2) (35.2) (38.8) (17.1) (64.7) (41.6) 
INS] r"] n 
7M 3.3 3.9 0.20 0.27 0.31 0.31 81.2 78.8 
(20.7) (22.9) (39.0) (38.4) (65.4) (41.2) 
n n INS] 
() = coefficient of variation * = P<0.05 
[ ] = results of ANOVA between years ** = P<0.01 
NS = non-significant *" = P<0.001 
Sample size: 
1992: RK=14, BK=15, 3M=17,4M & 7M=18, BM=19, others=20, 
1993: 3M, 7M, WJ, and BK=25, others=20. 
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Table 8. Annual stream means of physical habitat variables and aquatic vegetation in 1992 and 
1993. 
Bank Undercut Coarse 
(m^ Substrate (%) Algal Mats (%) Macrophytes (%) 
Streams 1992 1993 1992 1993 1992 1993 1992 1993 
BK 0.05 0.04 5.6 10.3 15.8 0.2 15.1 8.8 
(277.6) (255.9) (131.6) (125.9) (142.5) (447.2) (89.8) (98.9) 
[NS] [NS] [NS] [NS] 
BM 0.09 0.09 15.2 16.1 4.8 2.8 27.3 15.7 
(149.1) (331.9) (129.3) (124.6) (255.6) (223.4) (77.5) (95.0) 
[NS] [NS] [NS] ri 
BR 0.54 0.45 18.9 15.7 2.8 0.2 18.9 15.8 
(88.9) (159.9) (97.7) (84.3) (155.6) (447.2) (68.2) (97,8) 
[NS] [NS] n [NS] 
PW 0.19 1.25 9.5 17.5 19.3 1.3 41.5 32.7 
(239.4) (181.9) (137.2) (102.3) (101.9) (248.9) (35.7) (43.5) 
[NS] [NS] r"] [NS] 
RK 0.78 1.23 22.9 29.6 2.5 1.1 45.4 34.0 
(116.4) (156.5) (72.4) (66.4) (158.6) (217.5) (17.7) (50.0) 
[NS] [NS] INS] n 
WJ <0.01 <0.01 6.7 2.5 2.7 0.1 17.3 14.3 
(326.2) (479.6) (167.1) (179.3) (197.2) (479.6) (94.5) (158.1) 
[NS] [NS] ri [NS] 
WS 0.37 0.50 23.0 20.7 15.7 0.2 18.6 16.3 
(198.5) (243.0) (86.8) (77.4) (114.0) (447.2) (115.2) (114.9) 
[NS] [NS] [*"] [NS] 
3M 0.05 <0.01 0.8 0.8 2.4 0 26.3 13.2 
(232.7) (421.5) (412.3) (301.7) (345.9) (67.3) (97.3) 
n [NS] [NS] [NS] 
4M 0.09 0.07 12.4 8.2 7.4 0.7 16.9 18.2 
(145.5) (196.7) (145.0) (186.2) (133.2) (262.3) (82.8) (94.2) 
[NS] [NS] ["] [NS] 
7M 0.07 0.04 2.0 1.9 2.0 0.1 19.3 10.5 
(133.3) (230.4) (114.5) (219.3) (187.6) (500.0) (44.3) (68.8) 
[NS] [NS] n ["] 
() = coefficient of variation * = P<0.05 
[ ] = results of ANOVA between years " = P<0.01 
NS = non-significant *** = P<0.001 
Sample size: 
1992: RK=14, BK=15, 3M=17,4M & 7M=18, BM=19. others=20, 
1993: 3M, 7M, WJ, and BK=25, others=20. 
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Although few statistical variations were identified, fewer fish species and lower nunnber of individuals, on 
average, were collected in the high flow condition (Table 9). 
The annual mean of proportion of individuals as insectivores and omnivores together 
comprised about 93% of the individuals in 1992 but only 84% in 1993. In each stream, the totality of 
proportion of individuals as insectivores and omnivores was lower in 1993. Herbivores' averages (1992; 
3.7%, 1993: 3.4%) were similar between years but the proportion of individuals as piscivores increased 
in the high water year (1992:3.6%, 1993:12.2%). The dominant piscivores were larger creek chubs in 
both years. The northern pike was not collected in Rock Creek during 1992 but was encountered 
regularly after June 1993, even in the most upstream sites. Flooding may also have contributed to 
sampling bias against smaller fishes. 
LISREL Modeling 
Model fitting 
Four final LISREL fish models were developed from the initial model. To determine each, a 
series of iterations, generally more than 50, were made based on the suggested modifications in the 
LISREL outputs and the theoretical background of the investigator. 
The fitting index values for one initial model are displayed in Table 10. Several different 
measures have been suggested to determine the adequacy of LISREL models, a common one being 
the likelihood ratio chi-square test (Johnson et al. 1991). It compares the actual variance/covariance 
matrix of the original value (S) with the variance/covariance matrix (I) derived from the model structure 
that was generated by the investigator. In other words, the hypothesis tested is that the observed 
differences between S and I differ from 0 simply because of sampling error. If the test result fails to 
reject the hypothesis, the proposed model is supported as an adequate representation of the observed 
data. The degrees of freedom for the likelihood chi-square test are equal to (1/2 t(t-1)-u), where t is the 
number of measured variables and u is the number of estimated parameters. 
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Table 9. Annual site means offish community characteristics in 1992 and 1993. 
% of Total Individuals 
Total Individuals 
Total Species per 10 m Insectivores Omnivores 
jtreams 
stream length 
1992 1993 1992 1993 1992 1993 1992 1993 
BK 5.4 6.8 29.2 17.6 14.3 32.9 82.0 59.2 
(29.5) (35.0) (108.1) (13.6) (117.7) (58.8) (30.3) (36.0) 
[NS] [NS] r"] [NS] 
BM 8.9 9.3 43.6 22.8 42.6 49.4 50.1 35.0 
(17.7) (32.3) (62.4) (108.6) (54.9) (42.6) (48.1) (74.5) 
[NS] [NS] [NS] [*] 
BR 8.8 7.1 55.8 23.1 35.7 36.2 54.8 37.6 
(20.3) (23.2) (97.3) (80.8) (49.2) (50.7) (31.2) (44.6) 
n [NS] [NS] n 
PW 8.6 5.6 39.9 13.5 56.8 62.0 36.8 21.7 
(28.8) (42.3) (65.6) (119.1) (42.9) (40.8) (60.3) (101.9) 
r"] [NS] [NS] [*"] 
RK 8.6 4.9 23.2 2.5 43.5 48.1 38.6 20.2 
(28.8) (42.3) (82.8) (79.4) (44.2) (59.1) (62.6) (91.9) 
r"] [NS] [NS] ["] 
WJ 3.8 3.2 4.9 2.5 33.5 17.7 59.0 62.7 
(69.2) (71.3) (140.5) (128.5) (84.8) ( 150.4) (44.9) (58.1) 
[NS] [NS] n [NS] 
WS 7.0 6.8 28.1 12.9 37.3 43.0 51.4 36.6 
(29.3) (34.3) (86.5) (84.2) (60.7) (56.7) (39.3) (62.9) 
[NS] [NS] [NS] ["] 
3M 7.3 6.6 25.4 13.0 29.2 29.7 68.2 65.5 
(26.0) (21.4) (80.5) (101.3) (70.0) (59.2) (27.9) (26.0) 
[NS] [NS] [NS] [NS] 
4M 6.4 6.5 34.3 9.7 40.9 34.8 55.2 55.3 
(35.4) (21.0) (74.6) (64.3) (73.1) (67.0) (51.7) (49.0) 
[NS] [NS] [NS] [NS] 
7M 4.1 3.4 9.5 4.2 47.9 42.5 49.1 45.8 
(39.9) (32.6) (77.6) (86.4) (46.5) (46.0) (47.5) (49.9) 
[NS] [NS] [NS] [NS] 
() = coefficient of variation * = P<0.05 
[ ] = results of ANOVA between years " = P<0.01 
NS = non-significant "* = P<0.001 
Sample size: 
1992: RK=14, BK=15, 3M=17, 4M & 7M=18, BM=19, others=20, 
1993:3M, 7M, WJ. and BK=25, others=20. 
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Table 10. Squared multiple regression coefficient (R^ and its associated disturbances (1-R^ for the 
structural equation model for 1992 fish trophic guild initial model. 
Concepts R^ Disturbance (t-value) 
TURBIDITY 0.271 0.729 (6.652) 
MINIMUM RIPARIAN FOREST 
ZONE WIDTH 
0.019 0.981 (7.527) 
ORTHO-P 0.033 0.967 (7.727) 
NITRATE-N 0.416 0.584 (7.916) 
WATER DEPTH 0.138 0.862 (7.536) 
STREAM WIDTH 0.079 0.921 (7.281) 
FLOW VELOCITY 0.060 0.940 (7.340) 
MACROPHYTES 0.430 0.570 (6.810) 
ALGAL MATS 0.252 0.748 (7.035) 
COARSE SUBSTRATE 0.305 0.695 (7.119) 
BANK UNDERCUT 0.198 0.802 (6.883) 
FISH TROPHIC GUILDS 
(+OMNIVORES, -INSECTIVORES) 
0.380 0.620 (7.461) 
Model Fitting Index Value 
Chi-square likelihood ratio test 133.1 (P<0.001) 
Chi-square/df ratio 3.7(df=36) 
Goodness of fit index 0.914 
Adjusted goodness of fit index 0.748 
Non-normed fit index 0.409 
Comparative fit index 0.766 
Note: All the disturbances are statistically significant at the level of 0.001 (t-value > 3.291). 
The model fitting indices are also shown. 
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A well-known problem with the chi-square likelihood ratio test is that it depends directly on the sample 
size, leading to the easy rejection of models in large samples even if they vary slightly from the perfect 
fit (Long 1983). Thus, an alternative measure, the chi-square (x^ value in relation to the degrees of 
freedom has been proposed (Wheaton at al. 1977). However, the meaningful range of x^/df ratio test is 
rather arbitrary from one researcher to another one. For example, the x^/df ratios of 5 (Wheaton et al. 
1977) and 2 (Carmines and Mclver 1981) have both been suggested to be of significance. In this study, 
the conservative, lower ratio of 2 was selected. In other words, a model was accepted if the x^/df ratio 
was lower than 2. 
In the last decade, a number of goodness-of-fit indices have been proposed to assist in 
determining the proposed model fit with the measured data. Among these are: the Non-normed Index 
(NNFI), Comparative Fit Index (CFI), Goodness of Fit Index (GFI), and the GFI Adjusted for Degree of 
Freedom Index (Hatcher 1994, Dr. Max Shelley, Iowa State University, personal communication). In 
general, these four indices range from zero to one. Individually, when the index value is greater than 
0.9, it indicates an acceptable fit for the proposed model. 
In the present case, the chi-square value for the initial model was significant and the ratio of 
chi-square value/df was higher than 2 (Table 10), suggesting unacceptable fit by these criteria. 
Additionally, with the exception of the Goodness of fit index, the values of the other three indices were 
lower than 0.9. Thus, it was determined that the initial model needed modification. 
The squared multiple regression coefficients (R^ and their associated disturbances (errors) for 
the structural equation are also shown in Table 10. In a particular LISREL model, the R^ value 
indicates the variation of each concept explained by the structural equation model. The error of each 
R^ evaluates the adequacy of the indicator variables in representing a single concept in the 
measurement model. The significance of disturbance is determined by the t-value, similar to the z-test 
value. For instance, t-values greater than 1.96 are significant at p = 0.05, and values greater than 2.58 
are significant at p = 0.01. 
Overall, the explained variation of each concept in the initial 1992 fish trophic guild LISREL 
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model is not high (Table 10). Among the 12 concepts, the of nitrate-N, macrophytes, and fish 
trophic guilds are close to or higher than 0.4, but most others are lower than 0.2. All the disturbances 
of the concepts are highly significant which suggests that either collinearity is present among the 
indicator variables or more indicator variables are needed for each concept. 
When, as in this case, the LISREL model indices evidence a poor fit of a proposed model, two 
modification indices, the Wald and Lagrange multiplier tests, are generated by LISREL to determine 
specific modifications to best improve the fit (Table 11) (Hatcher 1994). The Wald test assesses the 
variations of the model chi-square values that would result from the elimination of the existing 
parameters. This approach does not truly improve the model fit but frees the degrees of freedom to 
decrease the ratio of chi-square value to df. As shown in Table 11, the Wald test, in the initial 1992 
trophic guild model, suggested eliminating several connections between flow velocity and other 
concepts to increase the degrees of freedom of the modified model. A path coefficient with a low t-
value indicates the coefficient is not significantly different from zero. If a non-significant path is 
disconnected, the chi-square/df ratio of the modified model would be decreased. 
The Lagrange multiplier test evaluates the decrease in the model chi-square value if a new 
path or factor loading is added to the proposed model (Hatcher 1994). The theoretical background of 
the investigator becomes important in adding or changing the connections based on the Lagrange 
multiplier test because LISREL allows regression between the concepts in both directions. As shown in 
Table 11, the Lagrange test suggested that the chi-square value would be decreased by more than 20 
if several path connections were added between the concepts of stream width, water depth, and bank 
undercut. These suggestions also imply that channel width may play an important role in structuring 
the dynamics of the headwater habitat. 
Ideally, each modification of the LISREL model should be made by eliminating or adding a 
single path to compare the variations of the model. However, an acceptable model may require 
extensive modifications from its original form. Thus, the modification process was begun by changing 
multiple paths. For example, as the first step, the path between flow velocity and nitrate-N was 
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Table 11. Suggested modifications for the 1992 initial fish trophic guild model. 
Wald Test 
Suggested Path Elimination t-value 
FLOW VELOCITY -»NITRATE-N -0.051 
FLOW VELOCITY -»ORTHO-P 0.102 
RIPARIAN FOREST ZONE WIDTH - FLOW VELOCITY -0.147 
WATER DEPTH - BANK UNDERCUT 0.303 
RAINFALL AMOUNT -»MACROPHYTES 0.541 
Lagrange Test 
Suggested Path Elimination Expected Decreasing Chi-square Values 
MACROPHYTES - STREAM WIDTH 21.9 
WATER DEPTH -> STREAM WIDTH 21.1 
BANK UNDERCUT -» STREAM WIDTH 21.1 
STREAM WIDTH -»WATER DEPTH 20.5 
MACROPHYTES WATER DEPTH 18.9 
eliminated, and a path was added between stream width and stream depth. Once a LISREL model 
came close to or reached an acceptable fit, each modification was made by changing a single path to 
monitor the results. 
The final LISREL models 
Two LISREL fish community models were developed for 1992 and 1993, respectively (Figures 
7, 8, 9,10). A richness model was constructed to reveal the causal relationships of environmental 
factors on total fish species and individuals. The other model was generated to examine the influences 
of environmental factors on the fish trophic guilds of insectivores and omnivores. In both models, the 
causal interactions between the environmental features were also evaluated. 
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In all the final models, four exogenous concepts were identified (Figures 7, 8, 9,10). The concepts of 
precipitation and rowcrop/grazing landuse ratio were retained from the initial model. Two exogenous 
concepts that surfaced during modeling iterations were stream width and riparian forest buffer zone. 
Among these four exogenous concepts, a correlation between riparian forest zone with both watershed 
landuse and channel width may exist because a significant covariance was identified in the LISREL 
output (P<0.05). 
Causal relationships between environmental features 
The 1992 models - "normal" flow regimes In both of the 1992 LISREL models, all 
the concepts are indicated by a single variable except the concept of algal mats (Figure 11). It is 
described by a combination of the nitrate-N concentration and the coverage of algal mats with 
emphasis on the latter because of its higher factor loading. Thus, although the path connection is not 
significant, stream nitrate-N concentration also contributes to the occurrence of stream algal 
communities. 
Both 1992 models show an overall acceptable fit as indicated by a non-significant chi-square 
value and low chi-square/df ratio (Table 12). While they display higher than 0.9 in all the selected fitting 
index values, i.e. an acceptable fit, the explained variation (R^ of the individual endogenous habitat 
concepts is not high, ranging from 0.06 (flow velocity) to 0.65 (nitrate-N). 
The R^ values of three concepts, nitrate-N, macrophytes, and coarse substrate, were higher 
than 0.3, while the other six were all lower than 0.3 (Table 12). The low Revalues of the endogenous 
habitat concepts indicates that either additional model modifications or more concepts may be needed 
to improve representation of the model. All the R^ errors of the endogenous concepts were statistically 
significant in both 1992 models, revealing the same implications. 
The causal relationships between environmental features in the two 1992 LISREL models were 
similar, and are addressed together. In both cases, the R^ values of each endogenous habitat concept 
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Table 12. Squared multiple regression coefficients of the endogenous concepts of the two 1992 
LISREL fish community models and the values of model fitting indices. 
R' 
Concepts Richness Model Trophic Guild Mode! 
TURBIDITY 0.298 0.297 
NITRATE-N 0.653 0.649 
ORTHO-P 0.074 0.077 
WATER DEPTH 0.274 0.278 
FLOW VELOCITY 0.059 0.063 
MACROPHYTES 0.418 0.414 
ALGAL MATS 0.165 0.177 
COARSE SUBSTRATE 0.317 0.313 
BANK UNDERCUT 0.250 0.257 
FISH 0.533 0.351 
(+ total species, + total individuals) (+ omnivores, - insectivores) 
Model Fitting Index 
Chi-square lil<elihood ratio 45.0 (P = 0.307) 48.0 (P = 0.244) 
Chi-square/df ratio 1.1 (df = 41) 1.1 (df = 42) 
Goodness of fit index 0.968 0.966 
Adjusted goodness of fit index 0.918 0.916 
Non-normed fit index 0.916 0.969 
Comparative fit index 0.991 0.986 
are similar, and the path connections between concepts in the structural models are also similar. The 
strong resemblance of the R^ values also confirms the accuracy of the generated causal interactions 
between the environmental components because the same habitat database was used. 
Once a model of acceptable fit is established, LISREL estimates the relationships among all 
variables, including total, direct, and indirect effects (Hayduk 1987). The direct effect between two 
variables is assessed by the path coefficient between them, similar to the coefficient in multiple linear 
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regression. After standardization, the direct path coefficient between two concepts can be interpreted 
as the change in the dependent variable accompanied with a unit change in the causal variable with all 
the other variables held constant, so there is no possibility of indirect or looped effects. 
The significance of each path coefficient is determined by comparing the t-value for each 
coefficient against the critical value for a specific level of significance from the normal probability table 
(Johnson et al. 1991). Each t-value is equal to the path coefficient estimate divided by its standard 
error. If the t-value of a path coefficient is not significantly different from zero, the path does not exist. 
In LISREL, any particular routing between two variables transmits an effect equal to the product 
of the coefficient comprising that routing (Johnson et al. 1991). The estimation of the overall indirect 
effect between two variables is computed by summing the indirect relationships transmitted through all 
the routings having two or more paths that link them. The total effect between two concepts is 
calculated by summing the direct and indirect effects. 
Relationships between endogenous habitat concepts Under typical flow 
regimes, nitrate-N, flow velocity, and water depth regulated water turbidity, aquatic vegetation, coarse 
substrate condition, and bank undercutting. The significant pathways and path coefficients of the two 
1992 LISREL models are shown in Figures 7 and 8. 
High nitrate-N promoted the growth of aquatic vegetation and caused a chain effect to improve 
water clarity and habitat heterogeneity. Elevated nitrate-N promoted the growth of aquatic macrophytes 
(Figures 7, 8) and algal mats (Figure 10). The existence of macrophytes increased the volume of bank 
undercut and coarse substrate (total and indirect effects: 0.11, P<0.05). Through the increased 
macrophyte growth, nitrate-N displayed a minor but positive effect on the existence of bank undercut 
(total and indirect effects: 0.07, P<0.05). Algae mats decreased water turbidity indirectly (total and 
indirect effects: -0.06, P<0.05). 
Stream sites with greater water depth generally exhibited a more diverse habitat (Figures 7, 8). 
Increased water depth encouraged the presence of aquatic macrophytes and bank undercutting (total 
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and indirect effects: 0.06, P<0.05). 
The stream current demonstrated a complex influence on water quality and habitat diversity. 
Increasing flow velocity contributed importantly to increase water turbidity and to reduce algal mats 
through bank and substrate scouring. However, the strong current also generated more bank 
undercutting that contributed to reduce water turbidity (total and indirect effects: -0.11, P<0.01) because 
of reduced fine substrate. 
Effects of exogenous factors on endogenous habitat features The four 
exogenous concepts of landuse, precipitation, riparian zone, and stream width govern headwater 
habitat dynamics chiefly through altering the water nutrient content, water depth, and macrophyte 
growth. The total, direct, and indirect effects of the four exogenous factors on the endogenous habitat 
features are shown in Table 13. 
Precipitation acts as a prime source in dictating stream discharge. In addition, surplus 
precipitation generates surface runoff, thus providing the energy to transport excess nutrients and 
eroded soil from the terrestrial environment to the aquatic habitat. The indirect enhancement by 
precipitation on both the stream macrophyte growth and bank undercutting may originate from the 
increase of stream nutrient content. An inverse correlation existed between the rainfall amount and 
stream algal mats. 
Watershed landuse directs the types and amounts of nutrient input from land to streams. As 
the rowcrop/grazing landuse ratio increased, stream nitrate-N concentration was elevated accordingly. 
More bank undercut and coarse substrate were identified in stream sections influenced by rowcrop-
dominant watersheds. Elevated stream nitrate-N concentration in such watersheds, in turn, promoted 
macrophyte growth. Dense macrophytes also contributed to the increase of coarse substrate and 
undercut banks in the streams. 
The riparian forest buffered terrestrial nitrate-N contributions to the streams. In general, 
stream sections with greater wooded riparian zone displayed more coarse substrate, decreased water 
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Table 13. Significant total (TE), direct (DE), and indirect (IE) effects of the four exogenous concepts 
on the endogenous habitat concepts in the 1992 fish community richness and trophic guild 
models, with the total effect equal to the sum of the direct and indirect effects. 
Exogenous Concepts 
Rowcrop/Grazing 
Landuse Ratio Precipitation 
Riparian Forest 
Zone Width Stream Width 
Endogenous Concepts TE DE IE TE DE IE TE DE IE TE DE IE 
TURBIDITY 
NITRATE-N 
ORTHO-P 
WATER DEPTH 
FLOW VELOCITY 
MACROPHYTES 
ALGAL MATS 
COARSE SUBSTRATE 
BANK UNDERCUT 
-0.1 - -0.1 
0.5 0.5 - 0.6 0.6 
- - - 0.2 0.2 
- - - 0.2 0.2 
-0.3 -0.2 -0.1 -
(-0.2) (-0.2) - 0.1 0.1 
-0.3 -0.3 0.4 0.4 -
0.2 - 0.2 0.2 - 0.2 -0.5 -0.4 -0.1 - - (0.1) 
- - - -0.3 -0.3 - - - - 0.3 0.30 -
0.3 0.2 0.1 - - - 0.2 - - - - -
0.3 0.3 - 0.1 - 0.1 0.2 0.3 -0.1 - - _ 
() = effects only significant in the community richness model 
agricultural practices. A complex interaction may exist between the riparian forest and bank undercut. 
The riparian forest exhibited an inverse correlation with stream macrophytes, thus, a negative indirect 
effect existed between the riparian forest zone and the undercut volume. 
Water depth increased downstream. Nitrate-N and aquatic vegetation also tended to increase 
downstream. 
In summary, under typical flow regimes, when rainfall increases in a rowcrop-depth, greater 
water clarity, fewer macrophytes, and more bank undercut than those bordered by dominated 
watershed, chemical water quality may degrade due to an increase in nutrient content, yet there may 
be improvement in physical habitat diversity features such as increased in macrophyte growth, coarse 
substrate, and bank undercut volume. Downstream regions typically displayed higher nitrate content 
and a more complex habitat structure than upstream sections. The riparian forest buffer zone 
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improved water quality. Moreover, the riparian forest zone helped stabilize the stream bank but 
inhibited instream macrophyte growth. 
The 1993 nfiodels - high flow regimes Although the chi-square values of both 
1993 LISREL models were significant, their chi-square/df ratios were both less than 2 (Table 14). 
Moreover, the four model fitting index values were close to or above 0.9. Thus, the two 1993 LISREL 
models displayed an acceptable fit. 
Almost all the concepts in the final models were represented by the same and single indicator 
variable established in the initial model (Figure 12). A new nutrient concept was formed, however, with 
nitrate-N and ortho-P as its indicator variables. The nutrient concept is mainly described by ortho-P 
because of its higher loading. 
The value of each endogenous habitat concept was strongly similar between the two 
models (Table 14). For the concepts of turbidity, nitrate-N, water depth, flow velocity, and 
macrophytes, more than 30% of the variation was explained. Lower R^ values were found, ranging 
from 0.052 to 0.282 for the other four habitat concepts. The R^ disturbance values of all concepts in 
both 1993 LISREL models were significant. 
Reiationships between endogenous habitat concepts Flow velocity, 
water depth, and nitrate-N content dictated the instream habitat dynamics during the high flow regimes 
(Figures 9,10). Strong flow raised stream ortho-P content by increasing water turbidity (Figures 9,10). 
However, a negative correlation was also present between flow velocity and ortho-P content, perhaps 
expressing a flushing effect. In deeper stream sections, flow velocity was reduced and fine substrate 
was deposited. Additionally, macrophyte abundance was reduced in deeper waters (total and indirect 
effects: -0.06, P<0.05). 
Nitrate-N promoted the growth of aquatic vegetation, both macrophytes and algal mats, in 
1993. The growth of algal mats promoted retention of coarse substrates. Additionally, sites with 
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Figure 12. Concepts and indicator variables in the 1993 LISREL models, with factor loadings of indicator variables 
commonly shared by both 1993 models. The underlined loadings are assigned by the trophic guild model. 
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Table 14. Squared multiple regression coefficients of the endogenous concepts of the two 1993 
LISREL fish community models and the values of model fitting indices. 
R^ 
Concepts Richnes Model Trophic Guild Model 
TURBIDITY 0.567 0.556 
NITRATE-N 0.620 0.625 
NUTRIENT 0.282 0.284 
WATER DEPTH 0.334 0.330 
FLOWVELOCITY 0.308 0.311 
MACROPHYTES 0.497 0.498 
ALGAL MATS 0.052 0.052 
COARSE SUBSTRATE 0.278 0.273 
BANK UNDERCUT 0.144 0.145 
FISH 0.247 0.377 
(-t- total species, + total individuals) (+ omnivores, - insectivores) 
Model Fitting Index 
Chi-square Likelihood ratio 67.6 (P = 0.013) 72.5 (P = 0.014) 
Chi-square/df ratio 1.5(df = 44) 1.6(df=44) 
Goodness of fit index 0.960 0.958 
Adjusted goodness of fit index 0.906 0.899 
Non-normed fit index 0.927 0.915 
Comparative fit index 0.965 0.959 
dense growth of algal mats showed higher water clarity (indirect and total effects; -0.09, P<0.01). 
A feed-back interaction was identified between macrophytes, bank undercut, and coarse 
substrate (Figures 8, 9). The indirect effects of macrophyte growth on the existence of coarse substrate 
(0.05, P<0.05) and bank undercut on the macrophyte growth (0.05, P<0.05) were both significant. 
Thus, aquatic macrophytes promoted bank undercutting, bank undercutting increased the prevalence 
of coarse substrate, and coarse substrate supported the growth of aquatic macrophytes. 
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Effects of exogenous factors on endogenous habitat features Heavy 
rainfall in 1993 contributed to increase stream turbidity, nutrient concentration, water depth, and 
macrophyte growth (Table 15). The influences of above normal precipitation on stream flow velocity 
appeared to be complicated. Unusually high precipitation was a factor in increasing stream flow 
velocity, however, a negative indirect correlation was present as well, possibly because of the elevated 
water depth. Heavy rainfall also contributed to increase undercut volume indirectly through interaction 
with the above habitat features. 
Under the high flow conditions, agricultural landuses played a more important role in 
influencing stream habitat conditions than under normal flow regimes. In watersheds of more intense 
rowcrop landuse, the following prevailed; clearer and deeper water, higher nitrate-N content, lower 
ortho-P concentration, and more aquatic vegetation, coarse substrate, and undercut bank volume. A 
faster current was associated with higher rowcrop/grazing landuse ratios, yet an inverse indirect effect 
was also present, perhaps due to greater stream depth. 
The influences of the riparian zone upon stream habitat features decreased in high flow 
conditions. Stream sections with a greater riparian forest zone demonstrated less nitrate-N and aquatic 
vegetation. Greater riparian forest zone also indirectly decreased water clarity, coarse substrate, and 
bank undercut through interactions with other instream habitat features. 
Downstream sites with wider channels exhibited greater nitrate-N concentration, deeper water, 
and more coarse substrate than the upstream segments. Additionally, current velocity generally 
increased downstream although a negative indirect effect was shown as well. Patterns of macrophyte 
abundance are difficult to discern. Macrophytes generally decreased downstream, yet a weak positive 
effect existed perhaps because of the downstream elevation in n'ltrate-N concentration. 
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Table 15. Significant total (TE), direct (DE), and indirect (IE) effects of the four exogenous concepts 
on the endogenous habitat concepts in the 1993 fish community richness and trophic guild 
models, with the total effect equal to the sum of the direct and indirect effects. 
Exogenous Concepts 
Rowcrop/Grazing Riparian Forest 
Landuse Ratio Precipitation Zone Width Stream Width 
Endogenous Concepts TE DE IE TE DE IE TE DE IE TE DE IE 
TURBIDITY -0.3 -0.2 _ 0.5 0.4 0.1 _ 0.02 
NITRATE-N 0.8 0.8 - - - - -0.3 -0.3 - 0.2 0.2 -
NUTRIENT -0.1 - -0.1 0.4 0.3 0.1 
WATER DEPTH 0.4 0.4 
-
0.4 0.4 
-
-
- -
0.3 0.3 
-
FLOWVELOCITY - 0.2 -0.1 0.2 0.3 -0.1 - - - 0.4 0.5 -0.1 
MACROPHYTES 0.3 - 0.3 0.3 0.3 
-
-0.4 -0.3 -0.1 
-
-0.2 0.1 
ALGAL MATS 0.1 
-
0.1 
- - -
-0.2 
- - - - -
COARSE SUBSTRATE 0.3 0.3 -
-
-
-
-0.1 
-
-0.1 0.3 0.3 -
BANK UNDERCUT 0.3 0.2 0.1 0.1 — 0.1 -0.1 -0.1 
Flow regimes and the causal interactions between environmental factors On 
average, the 1993 models (mean R^=0.339) tended to explain more variation in the habitat concepts 
than the 1992 models (mean R^=0.278) (Table 12 and 14). In particular, the endogenous habitat 
concepts of turbidity, water depth, and flow velocity, that were closely associated with flow regimes and 
directly related with four exogenous concepts showed higher values in the 1993 models than in the 
1992 models, "n contrast, the variations of coarse substrate and bank undercut that were connected 
with exogenous concepts having more than two routings, were less fully explained in the 1993 models 
than in the 1992 models. 
For stream nutrient content, the constantly high R^ values (over 0.6) of nitrate-N in both years 
suggest that the variations of this nutrient are closely linked to rainfall events, watershed landuse, and 
riparian zone condition (Tables 12,14). In contrast, the low R^ values of ortho-P (less than 0.3) in both 
years suggest that the included habitat measurements may not adequately discern and predict 
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phosphorus dynamics. 
Among the two types of vegetation, macrophyte growth was better represented by the habitat 
measurements than algal mats (Tables 12,14). More than 40% of the variation of aquatic 
macrophytes was defined by the interactions of nutrients, water depth, and riparian forest width in both 
years. In all LISREL models, less than 20% of algal mat variance was explained. However, water 
depth had a direct and positive effect on the macrophyte growth in 1992, while a indirect negative effect 
was found in the flooding year. 
Causal relationships of environmental features on fish communities 
Richness models - total species and individuals In 1992, more than 50% of 
variations in total fish species and individuals were explained by the LISREL model (Table 12). Both 
exogenous and endogenous environmental factors interacted to determine species richness and 
individual abundance (Table 16). 
Greater community complexity was associated with higher rowcrop/grazing landuse ratios and 
greater stream width (Table 16, Figure 7). At the same time, stream width had a negative indirect 
correlation with that fish concept. 
Aquatic macrophyte and bank undercut development increased the number of fish species and 
individuals (Figure 7, Table 16). Elevated nitrate-N content had the same effect possibly by promoting 
growth of macrophytes. Alternatively, fewer species and individuals were associated with deeper water 
and a strong current. 
Under the high flow conditions of 1993, the dynamics of fish distribution and abundance were 
less clear because the model explained only about 25% of the variation (Table 14). The watershed 
landuse showed a weak total effect because of inverse direct and indirect connections with the richness 
concept (Table 17). Notably, community abundance indicators were higher in stream sections with 
better-developed riparian forest zones during this season of abnormally high flow regimes. 
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Table 16. Significant total (TE), direct (DE), and indirect (IE) effects of the four exogenous concepts 
and habitat endogenous concepts on the fish concept in the 1992 LISREL fish community 
models, with the total effect equal to the sum of the direct and indirect effects. 
Concepts TE DE IE TE DE IE 
Exogenous Concepts 
ROWCROP/GRAZING 
LANDUSE RATIO 
PRECIPITATION 
RIPARIAN FOREST 
ZONE WIDTH 
STREAM WIDTH 
Endogenous Concepts 
TURBIDITY 
NITRATE-N 
ORTHO-P 
WATER DEPTH 
FLOW VELOCITY 
MACROPHYTES 
ALGAL MATS 
COARSE SUBSTRATE 
BANK UNDERCUT 
Richness Model Trophic Guild Model 
Fish Concepts (+ total species. (+ % omnivores, 
+ total individuals) - % insectivores) 
Few endogenous habitat concepts were related to fish diversity and abundance in the high flow 
year (Table 17). High nitrate-N concentrations strongly suppressed the fish community richness. 
Stream sections with greater abundance of algal mats and coarse substrate supported more species 
and individuals. 
In summary, in both years, greater watershed rowcrop/grazing landuse ratios correlated with 
more species and individuals despite variations in flow patterns (Tables 16,18). The influence of 
0.21 0.21 -0.34 -0.31 
-0.32 -0.27 
0.21 0.37 -0.16 0.22 0.27 
0.08 0.08 
-0.20 
-0.57 
0.32 
-0.25 
-0.56 
0.24 
-0.18 -0.21 
0.07 
0.26 0.24 
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Table 17. Significant total (TE), direct (DE), and indirect (IE) effects of the four exogenous concepts 
and habitat endogenous concepts on the fish concept in the 1993 LISREL fish comnnunity 
models, with the total effect equal to the sum of direct and indirect effects. 
Concepts TE DE IE TE DE IE 
Exogenous Concepts 
ROWCROP/GRAZING 
LANDUSE RATIO 
PRECIPITATION 
RIPARIAN FOREST 
ZONE WIDTH 
STREAM WIDTH 
Endogenous Concepts 
TURBIDITY 
NITRATE-N 
NUTRIENT 
WATER DEPTH 
FLOW VELOCITY 
MACROPHYTES 
ALGAL MATS 
COARSE SUBSTRATE 
BANK UNDERCUT 
-0.01 
-0.11 
0.53 
-0.23 
-0.20 
-0.30 0.29 
-0.11 
0.57 
-0.18 -0.05 
-0.30 
0.48 
-0.02 
-0.17 
-0.15 
-0.08 
-0.18 
-0.06 
0.37 
0.57 
-0.29 
-0.41 
-0.30 
-0.24 
-0.10 
-0.02 
0.12 
0.26 
-0.08 
-0.18 
-0.06 
Fish Concepts 
Richness Model 
(- total species, 
- total individuals) 
Trophic Guild Model 
(+ % omnivores, 
- % insectivores) 
nitrate-N changed from a generally weak but advantageous correlation under the normal flow pattern 
to a strong and detrimental one in the high water level. Moreover, the prominent instream habitat 
features which influenced fish community richness during 1992 were almost completely replaced by 
others in 1993. 
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Fish trophic guild models - insectivores and omnivores The model explained 
35% of the insectivore and omnivore variations (Table 12). In 1992, exogenous concepts displayed 
stronger control in structuring the fish trophic guilds than did endogenous habitat concepts (Table 16). 
As the rowcrop/grazing landuse ratio increased, more individual insectivores and fewer 
omnivores were found (Table 16,17). Increased precipitation was beneficial to insectivores but 
detrimental to omnivores. Along the stream length, insectivores tended to be more important upstream 
than downstream, while omnivores displayed the opposite trend. 
Endogenous habitat concepts exhibited almost no effect on the trophic guilds under the regular 
flow condition (Table 16). However, deeper stream sections generally contained more insectivores and 
fewer omnivores than shallower ones. 
Approximately 38% of the guild abundance variations was accounted for in the 1993 model 
(Table 14). In the high flow year of 1993, the influence of landuse patterns on fish trophic guilds was 
less prominent than in 1992, while the interactions between endogenous habitat concepts and trophic 
guilds were more complex (Table 17). Increased rowcropping within the watersheds had both positive 
and negative effects through involvement of nitrate-N (in nutrient concept), turbidity, water depth, and 
flow velocity (Table 17, Figure 10). As in 1992, more omnivores and less insectivores were found 
downstream than upstream. However, some downstream habitat characteristics such as increased 
water depth and flow velocity were favorable to insectivores. 
Water turbidity displayed a strong negative effect on insectivores (Table 17). To a lesser 
extent, insectivores benefitted from increased water depth and flow velocity, however, the omnivores 
may have benefitted indirectly from both (Table 17, Figure 10). Greater proportion of coarse substrate 
in 1993 indirectly supported more insectivores, while the omnivores displayed a reverse trend. 
Situations of increased nitrate-N, algal mats, and undercut bank had minor and indirect tendencies to 
increase insectivores and decrease omnivores. 
In summary, in both regular and high flow years, the LISREL models accounted for similar 
proportions of the variation (35 to 38%) in insectivore and omnivore abundance (Tables 12,14). 
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Exogenous concepts of agricultural landuse and channel width constantly displayed a nnajor influence 
on the trophic guilds. Additionally, precipitation was a factor in the nornnal year but not in the rainy year. 
Flow regimes and the causal interactions of environmental factors on 
headwater fish communities Under typical flow regimes, exemplified by 1992 conditions, 
watershed agricultural landuse, stream width, and water depth governed fish community dynamics in 
both richness and trophic guild models (Table 17). Under conditions of unusually high water level in 
1993, both aspects of community dynamics were structured mainly by landuse, nitrate-N, algal mats, 
and coarse substrate. 
Watershed agricultural landuse influenced headwater fish communities in all LISREL models 
(Table 16 and 17). Regardless of strongly different weather conditions between years, the models 
imply that the watersheds with greater rowcropping have streams with greater fish species and 
individual abundance, and more insectivore and fewer omnivore individuals than those in which grazing 
landuse is relatively more important. 
In both years, exogenous and endogenous environmental concepts interacted to regulate the 
diversity and abundance of the fish communities (Table 16 and 17). However, the ecological role of 
endogenous habitat concepts varied between years. Few interactions were identified between 
endogenous habitat concepts and fish trophic guilds under the normal weather, while extensive 
connections existed during the year of flooding. 
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DISCUSSION 
Based on four LISREL models, the exogenous and endogenous environmental concepts may 
be viewed in terms of three landscape scales to generalize the causal interactions between ecological 
components of the streams. The lowest or local (stream section) scale includes all endogenous 
habitat concepts as instream habitat features and the exogenous concept of riparian forest zone. At the 
intermediate scale, the exogenous concept of channel width becomes a factor. The third, large-scale 
exogenous factors are those of watershed landuse (rowcrop/grazing landuse ratio) and precipitation. 
These three groups of environmental factors interact to structure headwater fish communities. For 
instance, natural flooding not only influences watershed fishery production, but also affects the 
reproduction and recruitment success at the stream section level (Sparks 1993). 
Local Factors 
Instream habitat features 
Natural headwaters Natural small prairie streams tended to have a tall grass riparian zone 
and physical structures of meandering stream channel, diverse instream habitats and substrate, and 
regular seasonal flow patterns (Matthews 1988). Channel meandering influences patterns of flow and 
habitat diversity and instream cover features like pools and streambank undercut. Most headwater 
biota demonstrate a close relationship with the bottom, and commonly display special substrate 
requirements. Firm bottom and coarse substrate provide physical support or attaching surface for 
vascular plants and algae. Diversified bottom particle sizes provide habitat for benthic micro- and 
macroinvertebrates (Karr and Dudley 1981). Many stream fishes frequently show substrate size 
selectivity for both reproductive and feeding purposes, and have been characterized as pool or riffle 
species according to their use of bed form (Menzel 1983). 
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Flow regime is a significant influence on lotic fish communities, influencing seasonal migration, 
feeding, reproduction, and sun/ival rates of eggs, larvae, and fry (Schlosser 1985). The small streams 
in Iowa have a distinct wet-dry seasonal cycle, with greater flows in late winter/early spring and early 
summer. Many are subject to annual desiccation from late summer through winter. Originally, the 
native soil, wetlands, and vegetation intercepted precipitation and subsurface water, such that 
seasonally high flows were typified by relative slow rises and falls in discharge (Menzel 1983). 
Agricultural small streams Various agricultural management practices, including 
deforestation, rowcropping, and livestock grazing have reduced the soil and water retentiveness of the 
land. Additionally, channelization and land drainage has promoted land and channel erosion, faster 
flow rate, increase channel gradient, reduced bed form diversity, and finer particle-size of the substrate. 
Inorganic sediment and various chemicals, including organic pollutants like manure and fertilizers, 
pesticides, and herbicides, are introduced into lotic systems through air transport, groundwater 
seepage, and surface runoff. Thus, stream habitats in agroecosystems have tended toward conditions 
involving frequent flow extremes, few vascular plants, predominant "run" habitat, finer substrate, and 
artificial chemical loadings. 
Paralleling these physical and chemical habitat changes have been alterations in the species 
composition and abundance of headwater fish communities (Karr et al. 1985). In general, habitat 
generalists that are tolerant to poor water quality and have wide functional flexibility relative to food 
sources and reproductive substrate are more prevalent (Section 11). Fishes requiring deeper, cooler, 
and clearer waters with abundant aquatic vegetation are generally declining or disappearing (Section 1). 
Pool development and habitat confiplexity Because of the straightened channel, heavy 
sedimentation, and shallow water depth (Tables 7, 8), pool habitat in the study streams was generally 
deeper and slower-moving water that frequently occurred around bank undercut. However, such 
areas were limited in extent, and may be considered of poorer habitat quality relative to the traditional 
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perceptions of pool habitat. For example, a high quality pool is defined if the maximum pool diameter 
exceeded the average stream width and more than 90 cm in depth (Platts et al. 1983). 
Schlosser (1987) hypothesized that pool development is critical to headwater fish communities 
because it increases habitat volume and has major effects on spatial heterogeneity and temporal 
stability of the habitat structure. Pool development also enhances headwater habitat complexity 
through regulating the occurrence of aquatic macrophytes. Because flow velocity decreases in deeper 
water (Figures 9,10), the deeper, pool-like habitat in streams promotes the existence of aquatic 
macrophytes perhaps by reducing scouring impact (Figures 7, 8). 
The establishment of aquatic vegetation, in turn, generates a local feedback reaction to 
enhance the complexity of habitat structure (Figures 7, 8, 9,10). The existence of the vegetation 
changes the microflowof the environment by diverting the flow profile and transection (Newall 1995). 
Diversion of the microflow may act to scour the stream bank, and thus increase the undercutting. 
Added bank undercut to the channel cross-section profile may vary the flow contour to promote more 
coarse substrate. Increased coarse substrate enhances growth of aquatic vegetation through providing 
physical support and protection. As the density of aquatic vegetation increases, more coarse substrate 
may become trapped vrithin it. Consequently, as the process continues, the complexity of the habitat 
structure increases. 
Increased v/ater depth promoted macrophyte growth in 1992, however, a negative and indirect 
association was identified in 1993. Strong current in 1993 may have uprooted macrophytes from 
deeper sections. In addition, fine substrate accumulation in deeper sections during high water 
conditions may have contributed to reduce macrophyte growth (Figures 9,10). 
Flow stability and headwater fish communities Flow stability may be critical to regulate 
the dynamics of headwater habitat conditions. Increasing discharge, involving greater water depth and 
velocity, decreases fish species and abundance under normal flow pattern (Figure 7). Similar results 
were reported on the impact of sudden flooding on headwater fish communities in Texas (Harrel 1978) 
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and Arkansas (Matthews 1986). 
Pool development, also associated with flow stability, is important to increase fish diversity 
through increasing habitat volume and complexity (Figures 9,10). Paragamian (1990) concluded that 
reduced species diversity and total biomass in channelized streams of Iowa may be caused by poor 
habitat conditions like shallow depth, frequent flow extremes, and void of instream cover. Positive 
associations between habitat complexity and fish diversity in small streams have also been documented 
in Indiana (Gorman & Karr 1978) and Illinois (Schlosser 1982). In the 1992 and 1993 community 
richness models, the positive correlation of both bank undercut and aquatic vegetation with fish diversity 
and individuals generated the same conclusion. 
Distribution of trophic guilds In both the 1992 and 1993 models, insectivore abundance 
was positively correlated with the stream depth gradient, while omnivores displayed an inverse trend 
(Tables 16 and 17). Under normal flow conditions, a greater abundance of aquatic vegetation and 
coarse substrate in pool areas may provide a suitable habitat for aquatic insects in agriculturally altered 
headwaters (Gorman and Karr 1978). Therefore, a reliable feeding habitat for fish insectivores may 
exist in deeper stream sections which support macrophytes. However, this explanation may not apply in 
flooding conditions because of increasing fine substrate in deeper section. 
Flow velocity and turbidity exhibit a complex influence on the trophic guilds under abnormally 
high flow conditions. While greater flow velocity increased turbidity, the two factors exhibited an 
opposite influence on the 1993 trophic structure (Figure 10, Table 17). In the guild model, elevated 
turbidity strongly benefitted the omnivores. Fish omnivores are generally less selective and do not rely 
heavily on sight-feeding, thus they may be able to better adjust their feeding habits in turbid waters than 
specialist insectivores. Flow velocity displayed an overall negative but a positive indirect effect on 
omnivores in 1993. The high precipitation in 1993 may have relieved the streams from annual low flow 
extremes in late summer and early fail. Several of the major omnivore species do not thrive in streams 
with continuous strong flow (Pflieger 1975). Pflieger indicated that such streams usually harbor a 
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variety of fish species against which generalized species like bluntnose minnow and creek chub seem 
unable to compete successfully. 
Unresolved relationships Some missing habitat features may be involved in determining 
the abundance and composition of the fish communities because the LISREL models only accounted 
for 25% to 55% of the statistical variation in the two years. Stream depth demonstrated a negative 
correlation with the abundance of individuals and species in the 1992 richness model (Table 17). In the 
last decade, several investigators have shown or postulated that predation by large fishes limits the 
density and habitat selection of small fishes in temperate and tropical streams (Power 1984, Schlosser 
1988). Headwater fish species generally exhibit small body size because of habitat limitations. To 
avoid avian and terrestrial predators, larger/older fish piscivores generally occupy deeper habitat 
(Power et al. 1985). The fish-predation risk in deeper sections may constrain small and abundant 
species to the shallow regions until they grow to lengths which provide size refugia (Schlosser 1991). 
However, data related to this point is limited in this study because few piscivorous individuals were 
collected. 
In the 1993 richness model, nitrate-N exhibits a strong negative correlation with fish community 
richness (Table 17). However, the nitrate-N displays a weak but positive correlation with it in a normal 
flow year (Table 16). Two explanations to these opposing conditions may be offered such as the high 
nitrate-N concentration may influence the toxic effects of herbicides, or an indication of other soluble, 
unmeasured chemical factors enters streams in high flow conditions. However, these explanations are 
not verified. 
Another complex interaction was the associations between stream depth, flow velocity, and 
turbidity and their correlations with trophic guilds in 1993 although possible resolutions were given from 
the perspectives of habitat conditions and food resources. The deeper sections exhibit slower flow 
(Figures 9,10). Both habitat features showed a overall positive effect on insectivores and a negative 
association with omnivores. Flow velocity also increased turbidity. Turbidity then displayed a positive 
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effect on omnivores and a negative effect on insectivores. Therefore, some missing instream habitat 
features, that may be influenced by these three variables or other related factors, may be responsible 
for the variations of two fish trophic guilds in a high flow conditions. 
Aquatic insects are the primary food source for fish insectivores. Water depth, flow velocity, 
and turbidity are known to have a strong connection to the abundance and composition of lotic insects 
(Resh & Rosenberg 1984). Thus, a endogenous concept to include for further clarifying interaction 
between habitat and fish trophic guilds may be aquatic insects. 
Riparian forest zone 
The natural vegetative community of most of Iowa is bluestem prairie. Thus, today's riparian 
forests are generally secondary-growth vegetation. In general, farmers deforest riparian areas around 
headwaters as an agricultural management practice to increase area for rowcropping. As a result, 
riparian forest does not exist or occurs as a narrow, often discontinuous band. The study streams 
displayed this pattern, and as stream width increased, wider riparian forest zones generally occurred. 
In agricultural streams, the forested riparian zone serves as a conservation practice because it 
moderates stream temperature by shading, reduces sediment and artificial chemical inputs from 
farmland, and stabilizes stream banks (Osborne and Kovacic 1993). In addition, it manages 
precipitation input to stream flow by interception and transpiration (Brooks et al. 1991). 
Under the 1992 normal flow regime, the forested riparian zone of the study streams exhibited 
all recognized consen/ation functions by reducing turbidity, providing stream shading as reflected by 
macrophyte abundance, regulating water depth, and increasing bank undercutting (Figure 7 and 8). 
During flooding, the riparian forest zone functioned less effectively in water depth regulation and bank 
stabilization. Still, the riparian forest zone was effective in screening nitrate-N and providing stream 
shading, thus reducing aquatic vegetation (Figures 7,8, 9,10). 
Although the narrow forest zone of the streams promotes bank stability and reduces nutrient 
input, fish communities may receive limited benefit from its presence. Under the regular flow regime, 
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no correlation was identified between the wooded riparian zone and the fish trophic guild concept 
(Table 17). The riparian forest zone demonstrated a positive and indirect correlation with fish species 
and abundance in 1993 perhaps because of reducing terrestrial nitrate-N inputs. 
The forested riparian zone restrict the development of instream habitat complexity may be the 
explanation for the lack of correlation with headwater fish communities under normal flow conditions. 
Increased forested riparian zone reduced the occurrence of aquatic vegetation (Figures 7, 8, 9,10). As 
described previously, instream habitat complexity may be largely a function of the presence of aquatic 
vegetation in these agricultural streams. Additionally, the streams generally exhibited a high artificial 
chemical content and turbidity but a simple habitat structure of straightened channel, fine substrate, 
and little wooded debris, etc. Although the forested riparian zone locally decreases sediment and 
chemical content in surface or groundwater inputs, flow from an upstream region having no riparian 
conservation practices may have greater influence than the immediate riparian conditions. 
Karr and Dudley (1981) described an experiment in Jordan Creek Illinois demonstrating the 
importance of habitat complexity under identical water quality conditions. In a stream section, all the 
instream objects (logs, limbs) on one bank were completely removed, while all the instream objects on 
the other side were physically retained. In July and September, 10 times more fish biomass was found 
in the unmodified side than in the featureless side. Increased food resources and cover for smaller 
fishes were attributable to the marked differences in habitat utilization. 
Watershed-Scale Factor 
Stream width 
A trend showing a downstream increase of nitrate-N was significant, especially in the high flow 
year (Figures 7, 9,10). In considering the straightened channel and predominate run-like habitat, the 
possibility of downstream accumulation of nitrate-N in the headwater streams exists. 
Stream width had strong effects on the fish communities in three of the four models and. 
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overall, had the greatest direct influences among the four exogenous concepts (Figures 7, 8, 9,10, 
Tables 16,17). Fish species and individual abundances were greater downstream (Figure 7, Table 
16). This pattern may be primarily associated with addition of habitat volume and complexity as both 
flow velocity and water depth increased as watershed area increased (Figures 7, 8, 9,10). Similar 
observations have been reported from temperate and tropical lotic waters (Gorman & Karr 1978, 
Horwitz 1978, Schlosser 1982). Increasing habitat volume, complexity, and flow stability have all been 
suggested to be responsible for increasing fish diversity and abundance downstream (Schlosser 1987). 
Species' habitat requirements and flexibility in utilizing food resources may interact to determine 
the distribution of insectivore fishes along a stream. A downstream decrease in the proportional 
abundance of insectivores prevailed in both years (Tables 16,17). With a species categorization of 
omnivore and insectivore basically similar to this study, Schlosser (1982) subdivided the insectivore 
guild into generalized insectivores (species which feed on a range of animal and plant material) and 
benthic insectivores (species which feed predominantly on immature forms of benthic insects) in 
Jordan Creek. He reported that the fish biomass in the shallow, upstream area was dominated by 
small and abundant generalized insectivores. They were replaced downstream by larger but fewer 
benthic insectivores and then by insectivores-piscivores in the deep, stable habitat. As a result, the 
proportional abundance of insectivore individuals decreased downstream. 
In the present case, evidence relating to the resolution for the increase in proportional 
abundance of omnivores downstream is inconclusive. 
River Continuum Concept The River Continuum Concept (RCC) is a theoretical 
framework which regards a river system as a gradient of physical factors, biological features, and 
energy exchange processes from headwater to mouth (Vannote et al. 1980). Derived from studies on 
forested watersheds, it posits that streams are heterotrophic in canopied headwaters, with riparian leaf 
fall inputs as coarse particulate organic matter (CPOM) energy inputs. To process CPOM, abundant 
and diversified invertebrate functional groups exist in the headwater section. Typically, fish insectivores 
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assume community importance in such headwaters. As the channel widens to midsize and the canopy 
recedes, streams become more autotrophic according to the RCC and receive partly processed fine 
particulate organic matter (FPOM) from upstream. Fish species in the mid-reach mainly feed on 
benthic or suspended invertebrates during all or part of their life cycles, and some switch to piscivory as 
adults. 
Further downstream, the system becomes heterotrophic when turbidity or depth inhibit 
photosynthesis. The invertebrate community tends to be more specialized trophically to process 
FPOM. Fish functional groups are more diversified with piscivores and insectivores dominating and 
omnivores and herbivores less abundant. 
Matthews (1988) indicated that prairie headwater streams naturally differed from this 
theoretical framework in at least two ways. First, many receive more sunlight due to a lack of riparian 
forest, while more stream canopy exists downstream. Secondly, allochthonous organic energy 
supplies originate from grasses rather than trees. Because of these deviations from the forest stream 
model, prairie streams may not naturally display the physical, chemical, and biological gradients from 
headwater to downstream predicted by the RCC. 
Despite the natural deviations between forest and prairie streams, the RCC still provides a 
conceptual basis for examining lotic ecosystem processes such as nutrient dynamics, energy cycling, 
and organismal interrelationships. In this study, the streams received abundant terrestrial nitrate-N and 
phosphate inputs (Figures 7, 8, 9,10). Compared to natural conditions whereby tree leaf or grass litter 
enters streams mainly in the fall and then slowly decomposes over cold seasons, allochthonous 
organic inputs in agricultural watersheds are primarily crop residues, animal wastes, or artificial 
fertilizers, which entered in stochastic fashion, but frequently in the warm season (Menzel 1983). In 
addition, the limited riparian forest has little influence on solar energy inputs. Thus, autotrophy may be 
the dominant production state in the open headwater reaches (Bushong and Bachmann 1989). 
The longitudinal distributions of the fish insectivores and omnivores in the study streams were 
generally in accord with predictions of the RCC. The insectivores occurred more in the upstream 
183 
section and gradually decreased downstream, while the omnivores displayed an opposite trend. 
Large-Scale Factors 
Watershed rowcrop/grazing landuse ratio 
The watershed rowcrop/grazing landuse ratio is a reflection of glacial and agricultural 
influences on the Iowa landscape. The glacial process established Iowa's modern soil types, 
topography, and stream features (Prior 1991). Agricultural practices were then applied, which modified 
the geological and geographical characteristics of Iowa's land. Glacial and agricultural influences are 
temporally stable determinants in structuring the fish communities. Despite variations in annual flow 
patterns, the watershed rowcrop/grazing landuse ratio consistently displayed the same association on 
the fish communities. 
As the watershed rowcrop landuse increased among the watersheds, the fish communities 
demonstrated more species and abundance of individuals, more insectivores, and fewer omnivores 
(Tables 16,17). This pattern may reflect natural landform differences in soil type and topography, or 
the interaction of geological and agricultural influences upon the streams. Because of the Wisconsinan 
glaciation (12,000 years ago), northcentral Iowa, is a young land surface with a relatively flat 
topography and no loess deposits (Prior 1991). Northeastern Iowa has a thin loess-based soil, and 
display a level topography because intensive erosion activity occurred between 16,500 and 21,000 year 
ago. Because the same erosion activity also influenced the northwestern Iowa, this area demonstrate 
a low relief and long slope landscape as northeastern Iowa despite covered by a thick loess deposits. 
Less modified streams in northern Iowa generally exhibit a sand, rock, and gravel substrate mixture and 
considerably clearer water than agriculturally altered streams (Menzel 1987). In contrast, because of 
the ready erodibility of loess and a long erosive period, southern Iowa has a hilly landscape. 
Additionally, its lotic waters are characterized naturally by turbid water and fine substrate due to eroded 
loess soil (Menzel 1987). 
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Rolling landscape and loess soil are less suitable for machinery rowcrop operation. Thus, in 
Iowa, rowcrop activities are most extensive in northern watersheds having a flat topography. 
Alternatively, grazing land use is greater in the southern catchments due to hilly land and thick loess 
soil. 
Natural variation in headwater habitat diversity, turbidity and substrate generate stream fish 
differences in species richness. Historically, 94 species were recorded from the Cedar River drainage 
in northeast Iowa, whereas, in the lower Des Moines and Skunk River basin in southeastern Iowa, 
approximately 60 fish species were found (Menzel 1987). Following agricultural disturbances, northern 
headwaters with better habitat quality and a larger species pool may maintain a better overall 
environmental quality and retain more species than the southern ones. 
Food supply may be account for the distribution patterns of fish trophic guilds in association 
with watershed landuse. Diverse particle size in the stream substrate is essential for supporting many 
aquatic insect species (Allan 1975). Variations in substrate particle size determine the magnitude and 
volume of interstitial space. Adequate interstitial space is critical for the movement and feeding of 
many aquatic invertebrates, especially the bottom-dwelling insects (Karr and Dudley 1981). Because 
of the level landscape, Iowa's small streams in those watersheds chosen predominantly for rowcrop 
production naturally contain or may retain more coarse substrate which, in turn, provides a better 
habitat for macroinvertebrates. Alternatively, watersheds used more for grazing naturally display more 
turbid water and finer substrate. After agricultural disturbances, natural habitat variation may still be 
significant in regulating community functional features, or the stream sedimentation may become more 
severe than the original condition, thus fish omnivores gain advantage in such a lotic habitat. 
Precipitation 
Flooding is a normally occurring event which plays a critical role in regional lotic ecosystem 
structure and functioning (Sparks 1993). The flooding which occurred in Iowa and several central 
Midwestern states in summer 1993 was unprecedented in terms of geographical extent, duration, and 
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water flow. The situation was largely due to unusual positioning of the jet stream, the river of westerly 
winds in the upper atmosphere which passes across North America. Typically, the jet stream is located 
above Iowa in spring. It usually shifts northward in summer to southern Canada, allowing weather 
systems to pass through the Midwestern states. In 1993, the jet stream stalled over the upper Midwest. 
A high pressure system over the eastern part of the U.S. pumped moisture-laden air to the north. As 
this air mass collided with the jet stream, its moisture was released to produce record rainfalls over 
much of the upper Mississippi River basin. Through the middle of August, Iowa had 12 consecutive 
weeks of above-normal rainfall. The state average rainfall for July was 28 cm, the highest July total in 
121 years of state record keeping. Record discharges were reported for many of the state's rivers. 
Raised stream nutrient concentrations and turbidity levels occurred under the 1993 high flow 
regime (Table 6). Flooding also reorganized the physical structure of instream habitat through 
increasing discharge and reducing aquatic vegetation (Tables?, 8). 
Variations in flow regimes change the associations of environmental features between and 
within ecological hierarchies. Flooding may strengthen the connections between terrestrial and lotic 
environments because more variations were explained in those instream habitat features that were 
directly affected by precipitation during 1993 (Tables 12,14). At the same time, explained variations 
were reduced for those instream habitat concepts that were influenced by instream flow velocity or 
water depth, such as bank undercut volume and coarse substrate. Thus, flooding may also enhance 
the complexity of interactions between habitat features within a stream section. 
Flooding was a significant modifier in regulating stream fish communities as evidenced by the 
decreased mean species richness and abundance in almost all streams during 1993, relative to 1992 
(Table 8). Compared to the 1992 model, the power of the 1993 model to explain community richness 
was more than halved (Tables 12,14). Three instream habitat concepts: nitrate-N, algal mats, and 
coarse substrate, showed significant influences on fish diversity and abundance during flooding (Table 
17), but less of the variation of these three concepts was explained in 1993 than in 1992 (Tables 12, 
14). Additionally, in 1993, nitrate-N had a strong depressing effect on total fish species and abundance, 
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the opposite effect shown in the 1992 model. Thus, flooding also increases the interaction complexity 
between instream habitat features and establishes new associations between environmental factors 
and the fish communities. 
Although accounting for about 36% of trophic guild variations in both years, the included 
environmental factors may have limitations for explaining dynamics offish insectivores and omnivores. 
During the high water year, more instream habitat features displayed a regulatory role than in the 
normal year (Tables 16,17). However, several correlations between habitat features with two fish 
trophic guilds are complex and difficult to clearly rationalize, such as water depth, flow velocity, and 
turbidity (Tables 16,17, Figures 8,10). Thus, as suggested previously, additional variables like the 
abundance of aquatic insects as food resources may be essential to improve the model's 
representation for the fish trophic guild database. 
Regulation mechanism of flooding A recent study associated fish community functional 
features with flow variability using an archived database from 34 stream sites in Wisconsin and 
Minnesota (Poff & Allan 1995). Fish assemblages existing in hydrologically variable sites displayed 
generalized feeding tactics, commonly associated with silt substrate, preferred slow water velocity, and 
headwater affinities, while the assemblages in hydrological stable sites were mostly habitat specialists. 
Thus, hydrological alteration induced by climate change is a major determinant to modify the fish 
community structure in Midwestern streams. 
Some studies have been made in the Midwestern headwaters to investigate the flooding 
impacts on headwater fish communities. Starrett (1950) stated that the timing of flooding may be 
important in determining the abundance offish species regarding various spawning periods and 
strategies. Paloumpis (1956) suggested that flooding may have a beneficial effect on headwater fish 
populations by allowing fish from bordering ponds to enter Squaw Creek, Iowa. Thus, he hypothesized 
that small tributaries and streams may serve as refuges, termed stream havens, for young individuals 
and downstream species during flood periods. However, after an August 1954 flood, he reported that 
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fish abundance was reduced in Squaw Creek because many fishes were stranded in isolated pools on 
normally terrestrial habitats. Flooding-caused changes in the species diversity, richness, and 
abundance have been reported in the streams of Texas (Harrell 1978), Arkansas (Matthews 1986), and 
Illinois (Schlosser 1985). 
In addition to changing habitat structure and fish diversity and abundance, infrequent flooding 
events may rearrange the significance among environmental factors in structuring headwater fish 
communities. Although high waters may have interfered with sampling efficiency, this study found that 
flooding sharply reduces adult abundance (Table 9) and thus habitat utilizations may be rearranged. 
Alterations of habitat structures by flooding may also create new habitat variations or new species 
associations. 
In general, seasonal variations in stream environmental conditions are regulated by 
precipitation. From a long term perspective, the seasonal precipitation in Iowa displays a constant 
pattern (Figure 1). Under a normal flow regime, some fish species in small agricultural streams may 
have advantages over others because of certain physiological, behavioral, trophic, or reproductive 
characteristics (section II, Poff and Allan 1995). Matthews and Styron (1981), for example, reported 
that headwater cyprinids and darters are more physiologically tolerant to abrupt changes in dissolved 
oxygen, water temperature, and pH than downstream species. The creek chub, a common species in 
small agricultural streams, is highly tolerant to various environmental stresses (Pflieger 1975). Several 
dominant species in these streams also routinely reproduce, e.g., bluntnose minnow (Paloumpis 1956), 
creek chub (Schlosser 1995), and fathead minnow (Starrett 1948). 
In this study, the instream habitat features which seemed to define fish community richness 
under regular flow regimes were replaced by other factors during the high flow year (Tables 16,17). 
Additionally, the importance of local factors in structuring the trophic guilds was significantly increased 
during flooding (Tables 16,17). With the new associations between environmental factors, the 
competitive advantages of regularly dominant species may diminish. Therefore, flooding may regulate 
fish community structural or functional characteristics through rearranging the associations between 
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environmental components and fish species. 
Although flooding may restructure headwater fish communities, various studies indicate that the 
restructured communities may only temporarily exist. Matthews (1986) reported that the fish fauna in 
Piney Creek, Arkansas, recovered rapidly from flooding in December 1982 because it was both 
qualitatively and quantitatively similar between August 1982 and 1963. In addition to quick recovery 
from flooding disturbances, the headwater fish communities also display a long term consistency. 
Species composition, dominant species, and relative abundance of minnow and darter species were 
found to be highly similar between 1947 and 1972 in small agricultural streams of Boone County Iowa 
(King 1973). Thus, fish communities in Midwestern headwaters may display a stable equilibrium 
community characterized by strong resilience to disturbances (Chesson and Case 1986). 
A Conceptual Model 
A model was conceptualized to describe the causal interactions of environmental components 
on the fish communities (Figure 13). Although the database was collected from the Iowa region of the 
WCBPE, it may also apply to other areas within the Midwestern Corn Belt because of the overall 
similarity in agricultural practices and headwater modifications (Menzel 1983). 
Regional climate controls physical and solar energy inputs to streams through precipitation and 
sunlight patterns. Geological and agricultural processes have influence largely by controlling the 
physical and chemical properties of surface runoff and groundwater before they reach streams. 
Channel morphology regulates the magnitude of interaction between terrestrial and lotic environments. 
The forested riparian zone functions as an energy filter to buffer climatic and terrestrial influences. 
These regional, watershed, and local factors interact to generate instream habitat characteristics which 
structure the fish communities. 
Despite the agricultural disturbances during the last 160 years in Iowa, Pleistocene and recent 
historical factors provide the dominating background environmental conditions. Because of the low-
relief landscape and till-based soils of their watersheds, streams located in recently glaciated land 
189 
mmRQY SOURCES 
Sunlight Precipitation 
solar energy physical energy 
OEOLOGXCAL AKD 
ACSRICULTURAL INFLUENCES 
rowcrop/gra2 ing 
landuee ratio 
tfafiltered 
Checdcal 
and Physical 
aaorgy 
\ 
Chemical Energy 
(excees artificial 
chemicalo) 
Phyoical Energy 
(surface runoff« 
aedimont) 
• 
1 
KNKROY FILTER 
Solar and 
Itiyoical 
(surface runoff 
and sediment} 
Quergy 
riparian forest 
buffer zone 
CHANNEL HCfRPHOLOGY 
Stream width 
Filtered 
Physical« 
dxcmical, 
and Solar 
Siergy 
I INSTRBAM HABITAT 
+ 
nitrate-N flow velocity 
water d^th ortho-P 
aquatic 
vegetaticn^ V + 
WATER TURBIDITY 
turbidity 
25-55% 
Explained 
VariaticEis 
GENERAL FISH STRUCTURE 
total epeciea and individualo 
OTHER FACTORS 
Unincluded. habitat componenta, 
pesticides, insectidices, 
Food Sources, 
aquatic insects 
Biological Control, 
ccBDpetition, predation 
Reproductive Success, 
Recruitment Density and 
Frequency, etc. 
35-40% 
Explained 
Vkriaticno 
FISH TROPHIC GUILDS 
omnivores and insectivores 
Figure 13. A conceptual model of the causal relationships between fish communities and 
environmental components in headwater streams in Iowa. 
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surfaces have more diverse and complex fish community structures. In such streams, there is a trend 
for high numbers of species and individuals, resulting from factors of habitat volume and complexity, 
and flow stability. Along these streams, insectivores proportionally dominate upstream, while 
omnivores show the opposite trend. 
Agricultural disturbances modify the natural landscape and stream habitat, and promote the 
ecological competitiveness of fishes of more southern distribution that tolerate more turbid and warm 
waters. The riparian forest which exists in the region may influence water quality and promote bank 
stability, but overall it seems to have limited influence on the fish communities under normal flow 
regime. 
Flow stability is the prime factor which dictates instream habitat variability and complexity of the 
streams. Habitat heterogeneity is achieved by both unidirectional and feedback interaction of regional, 
watershed, and instream factors. Given stable energy, nutrient, and flow regimes, aquatic vegetation 
plays a key role in diversifying habitat structure. It affects the microflow environment to promote bank 
undercutting and retention of coarse substrate. In turn, coarse substrate promotes more aquatic 
vegetation growth. 
Under seasonally normal flow patterns, local habitat complexity positively and strongly 
correlates with fish diversity and abundance. This association is diminished in high flow regimes. Flow 
regimes and turbidity may be tied to the abundance of insectivore and omnivore species in high flow 
conditions. 
Future research 
Although two LISREL models were established for each year, at least 50% of the variation in 
the headwater fish community structure and abundance was unresolved. The opposite association of 
nitrate-N concentration with fish community richness in contrasting flow patterns is not resolved. The 
evaluation of the relative importance of biological and physical processes in structuring headwater fish 
communities is also essential. 
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Comparison with Schlosser's conceptual model 
Four seasonal fish samples were made by Schlosser (1987) on two headwaters and the main 
channel of Jordan Creek, Illinois from early spring to fall in 1978 and 1979. One tributary was 
agricultural modified. Three sampling sites in each of the two tributaries and five sampling sites in the 
main channel were longitudinally selected. The patterns of habitat heterogeneity and volume along the 
stream were examined. The species composition, age structure, and diversity of fish assemblages 
between tributaries and main channel were compared. 
Based on this investigation and a series of previous studies conducted on Jordan Creek, a 
conceptual framework was developed by Schlosser (1987) on the processes which determine fish 
community structure along a longitudinal gradient of habitat heterogeneity and pool development. 
Along Jordan Creek, increased habitat heterogeneity occurred downstream because of less human 
disturbance and the development of a structurally complex channel with large, stable pool habitats. 
Schlosser proposed that pool development is the main factor in small warmwater streams which 
determines the heterogeneity and temporal stability of the physical habitat. A deeper pool in a small 
stream acts to enhance habitat volume and complexity and to provide over-winter refugia for fishes. 
However, predation pressure from larger fishes in the pools may restrict smaller size/younger age 
fishes to a shallow habitat. In such habitats, environmental variation is hypothesized as the main 
structural force, whereas biological processes (predation and competition) are generally less important. 
In deeper habitats, predation, according to Schlosser, may be responsible for determining 
younger/small size fish abundance, density, and diversity. Competition and habitat-related differences 
in foraging efficiency may be the critical biological processes influencing large individuals in pool 
habitats. 
Differences and similarities are present between Schlosser's and the present conceptual 
models for structural process of headwater fish communities. At least four differences exist. First, the 
present model was targeted on small streams with extensive agricultural alterations. On the other 
hand, although one of the two tributaries of Jordan Creek was agriculturally disturbed, the other and the 
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downstream area were relatively unmodified (Schlosser 1987). Thus, Schlosser's model may 
represent a structural framework for fish communities in a least- or semi-modified stream situation. 
Second, my model illustrates physical and chemical influences on headwater fish communities from 
three scalar perspectives of stream section, watershed (stream size), and regional factors such as 
climate, geology, and agriculture practices, while Schlosser's model concerns instream physical habitat 
gradients in a single watershed. Third, while my model detailed an instream interaction among 
macrophytes, coarse substrate, and bank undercut to promote habitat heterogeneity, Schlosser's did 
not. Finally, my model was unable to reveal the importance of biological processes in structuring the 
fish communities. This deficiency was partially attributable to a paucity of true piscivores in the fish 
collections, while the fish assemblages in Jordan Creek included more piscivorous species such as 
grass pickerel, smallmouth bass, and rock bass (Schlosser 1982). 
Despite differences in the magnitude of agricultural perturbations and the ecological scales of 
the environmental components, both frameworks agreed that flow stability, habitat volume, and habitat 
complexity are critical to structure headwater fish communities. 
Application of LISREL on Ecological Databases 
LISREL is a potentially effective statistical technique to reveal the causal mechanisms among 
structural and functional components of ecosystems. In the present study, LISREL was performed in a 
simple and consen/ative manner by assigning a single indicator variable to each concept and 
overestimating the measurement error. The simple LISREL models presented provide insights to the 
causal interactions of ecological components in small Midwestern agricultural streams. LISREL can 
also model nonlinear relationships, reciprocal effects, and assess ecosystem stability (Johnson et al. 
1991). 
Some potential problems of LISREL application were also identified in this study. Frequently 
limited by financial resources, time, or appropriate sampling areas, ecological studies generally are 
conducted with limited sample sizes. In general, at least 100 samples are preferred for path analysis or 
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LISREL modeling (Hatcher 1994). The majority of ecological studies may have difficulty satisfying such 
a sample size requirement. If LISREL is applied on a database with a small sample size, a type II error 
may be generated from easily nonsignificant chi-square values (Hatcher 1994). Thus, the causal 
mechanisms in the LISREL model would be questionable even if the revealed path connections are 
accurate. 
To develop an ecologically meaningful LISREL model, the researcher's knowledge and 
experience are crucial because judgement-based modifications are frequently made before the model 
is statistically acceptable. To understand LISREL modeling, investigators need to have at least a 
statistical background and experience in performing multivariate analyses. In the model development, 
LISREL provides suggestions to add or delete path connections for improving model fitting. Adding or 
deleting a particular path may significantly improve model fitting but still have no ecological significance. 
Thus, a strong ecological background of the investigator is also essential. 
In this study, LISREL was performed using both SAS and LISREL8 programs, and I found that 
both have advantages and disadvantages. SAS accepts raw data, but the programming procedure is 
complex. The required time to perform LISREL calculations in SAS is also lengthy. Some SAS 
manuals are helpful, however, instructions and examples are limited relative to the modification 
process. Compared to SAS, LISREL8 is simpler in program design and faster in modeling time. Still, 
L1SREL8 only accepts data in the format of a covariance or a correlation matrix. Thus, the need for 
supportive software to transform raw data into a covariance or correlation matrix is required. 
Pre-theorization, a basic LISREL operating procedure, may also pose problems for 
applications of LISREL to ecological situations which have limited knowledge bases. Ecological studies 
on stream fish communities, for example, were not numerous prior to 1975 (Heins and Matthews 
1987). Much natural history and ecological information on stream fishes is still lacking, let alone their 
relationship to environmental components. 
To effectively use LISREL to resolve questions of community ecology, interdisciplinary 
approaches may be necessary. It may be advisable in designing field studies to pre-theorize all 
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possible path connections among variables through a multidisciplinary group decision making process. 
This introduction of LISREL on a stream fish database only touched upon the basics of the 
modeling procedure and its potential benefits in ecological research. I believe that LISREL can provide 
an effective solution to some problems and inadequacies of the statistical methodologies that are 
commonly used by ecologists to reveal the ecosystem structural and functional interactions. With 
continuing exploration, LISREL may provide new hypotheses and predictions that will contribute 
significantly to ecological research. 
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GENERAL CONCLUSION 
Current research interest in headwater streams is centered on evaluating the degradation of 
habitat and biotic communities after human perturbations. Knowledge of the ecological interactions 
among the watershed, lotic habitat, and biological components in artificially disturbed lotic systems is 
limited. Thus, this study was conducted to provide information on the relationships among watershed, 
stream habitat, and fish community features in small agricultural streams in the Iowa portion of the 
Western Corn Belt Plains Ecoregion. To this researcher's knowledge, this study was also the first to 
use Linear Structure Relations (LISREL) models to investigate the causal mechanisms of 
environmental factors on lotic fish communities. 
The present study revealed that the dominant consideration in determining headwater 
ecological relationships is the interaction of natural and historical factors such as soil types and 
topography and human factors such as agricultural disturbances. Flooding caused by natural climatic 
changes may influence the ecological components of such streams in altering physical and chemical 
habitat conditions, reducing adult fish abundance, and rearranging associations between environmental 
factors and fish species. Habitat volume and heterogeneity are also important in determining the 
dynamics of community richness and trophic guild of the fishes along the stream width gradient and 
within a stream section. Although a number of such associations were revealed, other variables such 
as concentrations of pesticides or biological factors like the abundance of piscivorous fishes or food 
sources (aquatic invertebrates) may be needed for further clarifying the regulatory mechanisms of the 
fish communities. Thus, although habitat structures are simplified by agricultural modifications, it is still 
necessary to recognize the importance of local, watershed, and regional factors in studying, managing, 
or restoring the environmental and biological components of headwater streams. Additionally, a large-
scale focus alone, e.g., at the ecoregion level, can be inadequate if local influences are not taken into 
account. More frequently, however, researchers have tended to emphasize local factors and failed to 
see the broader picture. 
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The simple habitat structure in Iowa's headwaters can be advantageous for testing various 
ecological theories. For example, a more direct and clear relationship may be present between the 
environmental factors and aquatic organisms in such streams than in those with more complex 
structures. 
The lotic system is not discrete. Headwater tributaries transport, supply, and process organic 
energy sources or inorganic materials to the downstream sections. The headwater regions in Iowa and 
similar midwestern areas are currently suffering severe impacts from agricultural disturbances. More 
research and greater conservation efforts should be devoted to headwater systems because 
restoration of downstream sections, larger rivers, or lentic waters may not be successful if the artificial 
disturbances are maintained upstream. 
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APPENDIX A 
Table A1. Common name, scientific name, and four letter species code for the fish species 
discussed in this dissertation 
COMMON NAME SCIENTIFIC NAME CODE 
Herring Family Clupeidae 
Gizzard Shad (Dorosoma ceoedianum) GZZD 
Pil<e Family Esocidae 
Northern Pike (Esox lucius) NRPK 
Sucker Family Catostomidae 
Big mouth Buffalo (Ictiobus cvorinellus) BMBF 
Quillback Carpsucker (Caroiodes cyprinus') QBCK 
River Carpsucker (Caroiodes caroio^ RVCK 
Golden Redhorse (Moxostoma ervthrurum^ GDRH 
Shorthead Redhorse (Moxostoma macroieoidotum) SHRH 
Northern Hog Sucker (Hvoentelium niaricans) NHSK 
White Sucker (Catostomus commersonf) WHSK 
Minnow Family Cyprinidae 
Central Stoneroller (Camoostoma anomalum) CTSR 
Common Carp (CvDrinus caroio) CARP 
Fathead Minnow (Pimeohales oromelas) FHMN 
Bluntnose Minnow (Pimeohales notatus) BNMN 
Suckermouth Minnow (Phenacobius mirabilis) SKMN 
Brassy Minnow (Hvboanathus hankinsoni) BSMN 
Creek Chub (Semotilus atromaculatus^ CKCB 
Flathead Chub ^Hvboosls aracilis) FHCB 
Hornyhead Chub (Nocomis biauttatus^ HHCB 
Golden Shiner (Notemiaonus crvsoleucas) GDSN 
Emerald Shiner fNotrocis atherinoides) EMSN 
Common Shiner (Luxilus cornutus) CMSN 
Bigmouth Shiner (Notroois dorsalis^ BMSN 
Red Shiner (CvDrinella lutrensis^ RDSN 
Rosyface Shiner (Notroois rubellus^ RFSN 
Spotfin Shiner (CvDrinella soilootera) SFSN 
Sand Shiner (Notroois stramineust SNSN 
Redfin Shiner (Lvthrurus umbratilis) RNSN 
Blacknose Dace (Rhinichthvs atratulus) BKDC 
Southern Redbelly Dace (Phoxinus ervthroaaster) RBDC 
206 
T able A1. (Continued) 
COMMON NAME SCIENTIFIC NAME CODE 
Catfish Family Ictaluridae 
Channel Catfish 
Black Bullhead 
Yellow Bullhead 
Tadpole Madtonn 
Stone Cat 
(Ictalurus ounctatus) 
fAmeriurus melas^ 
(Ameriurus natalis) 
(Noturus avrinus) 
^Noturus flavus) 
CNCT 
BKBH 
YWBH 
TPMM 
SCAT 
Sunfish Family Centrarchidae 
Largemouth Bass 
Smallmouth Bass 
Northern Rock Bass 
White Crappie 
Black Crappie 
Bluegill 
Green Sunfish 
Orangespotted Sunfish 
(MicroDterus salmoides) 
fMicrooterus dolomieu) 
(AmbloDlites ruoestris) 
fPomoxis annularis) 
(Pomoxis niaromaculatus) 
(Leoomis macrochirus) 
(Leoomis cvanellus) 
^LeDomis humilis) 
LMBS 
SMBS 
RKBS 
WTCP 
BKCP 
BUGL 
GNSN 
OSSN 
Perch Family Percidae 
Yellow Perch 
Blackside Darter 
Johnny Darter 
Iowa Darter 
Fantail Darter 
(Perca flavescens) 
(Perina maculata) 
(Etheostoma niarum) 
(Etheostoma exile) 
(Etheostoma flabeilare) 
YWPH 
BKDR 
JNDR 
lADR 
FTDR 
Killifish Family Cyprinodontidae 
Blackstripe Topminnow fFundulus notatus) BSTM 
Stickback Family Gasterosteidae 
Brook Stickleback fCulaea inconstans) STIK 
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Table B1. Fish trophic guild classifications. 
SPECIES TROPHIC GUILD 
I. Esocidae 
Northern Pike 
II. Catostomidae 
Quillback Carpsucker 
Shorthead Redhorse 
Golden Redhorse 
Northern Hog Sucker 
White Sucker 
III. Cyprinidae 
Central Stoneroiler 
Common Carp 
Fathead Minnow 
Bluntnose Minnow 
Suckermouth Minnow 
Brassy Minnow 
Creek Chub 
Common Shiner 
Bigmouth Shiner 
Spotfin Shiner 
Sand Shiner 
Red Shiner 
Blacknose Dace 
Southern Redbelly Dace 
IV. Ictaluridae 
Black Bullhead 
Yellow Bullhead 
Stonecat 
V. Centrarchidae 
Largemouth Bass 
Smallmouth Bass 
Spotted Bass 
Green Sunfish 
Bluegill 
Orangespotted Sunfish 
VI. Percidae 
Johnny Darter 
Fantail Darter 
Yellow Perch 
Walleye 
VII. Gasterosteidae 
Brook Stickleback 
H 
O 
O 
O 
TL>15cm P; TL<15cml 
I 
O 
0 
1 
H 
TL>10cm P; TL<10cml 
TL>10cm P; TL<10cm I 
TL>10cm P;TL<10cm I 
TL>10cm P; TL<10cm I 
TL>10cm P; TL<10cm I 
TL>10cm P; TL<10cm I 
TL>15cm P; TL<15cml 
I 
I 
I 
I 
TL>10cmP:TL<10cm I 
P 
I 
H 
I 
= herbivore 
= insectivore 
O = omnivore 
P = piscivore 
TL = total length in cm. 
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Table C1. Mean watershed characteristics and mean proportional watershed landuses of sampling 
sites in the study streams. ANOVA results for stream differences are shown by the F 
statistic. Means underscored by the same line are not significantly different (P>0.05) by 
Duncan's multiple range test. 
Proportional area of agricultural land (crop + grazing land) 
RK 7M 3M BM 4M BR WJ WS PW BK 
F9 33=17.8"" 97.9 97.9 97.7 97.7 97.5 97.1 95.8 95.7 92.9 92.7 
(0.3) (0.1) (1.2) (0.6) (0.4 (1.5) (0.8) (2.5 (0.7) (0.4) 
Proportional area of cropland 
4M BR WS BM 7M PW RK WJ 3M BK 
35.7"" 92.6 92.3 91.9 89.7 89.0 88.0 87.1 85.1 70.9 66.1 
(3.6) (2.2) (5.1) (3.0) (3.2) (2.7) (0.5) (4.6) (7.4) (6.2) 
Proportional area of grazing land 
3M BK RK WJ 7M BM 4M BR PW WS 
Fgjg =45.4"" 26.9 26.6 10.8 10.7 9.0 8.0 4.9 4.8 4.6 3.8 
(15.3) (15.5) (5.9) (33.6) (31.0) (31.2) (4.9) (4.8) (36.8) (63.4) 
Proportional area of forest land 
BK WJ WS 3M BM 4M RK BR PW 7M 
Fgjg =20.3"* 5.6 1.7 1.6 0.7 0.6 0.6 0.5 0.3 0.3 0.1 
(6.2) (75.2) (107.6) (131.5) (28.9) (80.5) (24.5) (176.0) (0.0) (149.1) 
Proportional area of water bodies 
3M BK PW 7M WJ BR 4M WS RK BM 
Fgjg =38.3'" 0.6 0.6 0.2 0.1 0.1 0.02 0.02 0.02 0 0 
(35.3) (9.8) (42.6) (0.0) (70.7)( 136.9) (223.6) (223.6) 
Proportional area of highly erodible land 
BK 3M WJ 7M 4M RK BR WS BM PW 
63.2 61.0 49.9 49.7 37.3 20.8 15.2 7.2 5.7 0 
Fg,o =149.6'" (1.1) (1.5) (6.6) (3.0) (27.7) (30.8) (15.0) (51.0) (62.0) 
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Tabled. (Continued) 
Proportional area of hydric soil 
WS BR BM 3M 4M PW RK BK WJ 7M 
51.5 38.4 25.7 20.5 17.8 16.0 14.6 7.6 7.2 4.5 
F94O= 129.3"" (10.6) (2.7) (5.4) (18.1) (9.1) (14.8) (22.8) (37.2) (40.9) (30.7) 
Stream sinuosity index 
RK BR BM 3M WS PW 7M BK WJ 4M 
F94O=13.6*" 1.45 1.39 1.39 1.30 1.24 1.23 1.18 1.16 1.16 1.16 
(3.9) (8.4) (4.7) (4.0) (9.1) (1.9) (1.8) (4.2) (6.2) (1.8) 
Drainage density (km per km^ 
BK 7M 3M RK BM PW WJ 4M BR WS 
1.46 1.44 1.32 1.28 1.28 1.14 1.10 1.06 0.94 0.54 
F94O=23.4"' (3.8) (3.8) (6.3) (3.5) (3.5) (11.8) (6.4) (14.3) (5.8) (56.5) 
Stream slope (m/km) 
F3,,O = 0.74^= 
WJ 
2.12 
(108.4) 
WS 
1.64 
(11.9) 
BM PW BR 7M 3M 4M 
1.54 1.44 1.34 1.30 1.26 1.18 
(64.1) (107.3) (4.1) (62.5) (40.7) (63.0) 
BK 
0.80 
(53.0) 
RK 
0.78 
(16.7) 
Catchment slope (m/km) 
F9,40 =1.19^® 
BM 
5.3 
(17.1) 
PW 
5.2 
(67.3) 
3M WJ WS 7M RK BR 
5.1 4.9 4.4 4.1 3.9 3.7 
(48.3) (53.6) (13.0) (18.0) (5.3) (10.1) 
BK 
3.3 
(16.8) 
4M 
3.0 
(22.0) 
Proportional area of developed properties 
PW WS BR WJ 7M 4M BM RK BK 3M 
6.6 2.6 2.5 2.3 1.9 1.9 1.6 1.6 1.2 0.9 
F939=38.9"" (9.2) (28.1) (2.5) (2.3) (4.4) (6.9) (22.2) (8.3) (1.2) (14.3) 
Minimum width of riparian forest zone (m) 
BR WS BK 3M WJ BM RK PW 4M 7M 
24.1 14.1 13.6 3.3 2.1 1.9 0 0 0 0 
F94o=1.9r® (85.4) (99.6) (160.0) (205.2) (223.6) (223.6) 
NS = P>0.05 * =P<0.05 " =P<0.01 "• = p<0.001 
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Table D1. Monthly means of turbidity (NTU) in the streams. ANOVA results for stream differences 
are shown for each season by the F statistic. Means underscored by the same line are not 
significantly different by Duncan's multiple range test. 
F 
Month df = 9, 40 Stream means (n = 5) 
April 35.1"" 7M 3M RK 4M BK PW WS BM WJ BR 
171.0 123.0 34.0 19.0 19.0 17.1 11.8 8.4 7.3 4.0 
June 9.1"" WJ PW 4M 7M RK 3M WS BK BM BR 
177.8 154.4 150.4 143.5 67.1 53.5 21.4 20.8 15.1 8.5 
August 12.6"" WJ 7M 3M RK BK PW BM BR WS 4M 
78.4 41.5 14.1 11.7 9.3 6.8 5.6 4.0 2.5 2.1 
October 12.0"' 7M WJ 3M BK 4M WS BR BM RK PW 
66.2 26.8 13.3 7.7 6.3 5.0 4.7 4.2 3.3 2.7 
NS = non-significant * = P<0.05 " = P<0.01 "* = P<0.001 
Table D2. Monthly means of nitrate-nitrogen (mg/1) in the streams. ANOVA results for stream 
difference are shown for each season by the F statistic. Means underscored by the same 
line are not significantly different by Duncan's multiple range test. 
Month df = 9, 40 Stream means (n - 5) 
June 20.0"' RK 
10.5 
WJ 
9.9 
PW 
8.3 
7M 
7.2 
BR 
7.0 
4M 
6.9 
WS 
6.7 
BM 
6.4 
3M 
6.2 
BK 
4.8 
August 17.0" 7M 
10.1 
PW 
10.0 
RK 
9.9 
WJ 
9.1 
4M 
8.9 
WS 
8.9 
BR 
8.1 
BM 
8.0 
3M 
7.9 
BK 
5.9 
October 59.9"" 
15.8 
RK 
12.4 
PW 
11.3 
4M 
9.5 
BM 
9.5 
7M 
9.0 
BR 
6.0 
WS 
5.2 
3M 
5.2 
WJ 
1.2 
BK 
NS = non-significant * =P<0.05 = P<0.01 = P<0.001 
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Table D3. Monthly means of orthophosphate (mg/l) in the streams. ANOVA results for stream 
differences are shown for each season by the F statistic. Means underscored by the same 
line are not significantly different by Duncan's multiple range test. 
_ 
Month df = 9. 40 Stream means (n = 5) 
April 6.7"' 7M BK 3M 4M WS WJ RK PW BR BM 
0.34 0.27 0.23 0.19 0.18 0.16 0.14 0.13 0.13 0.08 
June 1.4^® 4M WJ 3M BK BM 7M RK PW BR WS 
0.36 0.32 0.29 0.24 0.22 0.22 0.22 0.22 0.26 0.16 
August 1.9^= BK PW WJ RK 3M 4M WS 7M BR BM 
0.54 0.48 0.41 0.41 0.39 0.36 0.36 0.33 0.26 0.26 
October 2.2" WS WJ BR 3M 7M RK 4M PW BK BN 
0.35 0.31 0.29 0.26 0.26 0.24 0.24 0.17 0.15 0.14 
NS = non-significant = P<0.05 " = P<0.01 = P<0.001 
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Table D4. Monthly means of discharge (mVsec) per 10 m in the streams. ANOVA results for stream 
differences are shown for each season by the F statistic. Means underscored by the same 
line are not significantly different by Duncan's multiple range test. 
Month df=9,40 Stream means (n = 5) 
April 3.37"" BK 
6.2 
7M 
5.6 
RK 
3.6 
3M 
3.3 
4M 
2.9 
WS 
2.5 
BR 
2.0 
WJ 
1.7 
BN 
1.1 
PW 
0.8 
June 3.76™ RK BR WS 4M 7M BK WJ PW BN 3N 
2.8 1.9 1.4 1.3 1.0 0.8 0.6 0.5 0.4 0.3 
August 2.52* BK 4M RK WS WJ 7M BR PW 3M BM 
1.9 1.9 1.8 1.5 1.3 1.3 0.9 0.3 0.3 0.3 
October 4.58*" 7M RK BK BM BR PW 3M 4M WJ WS 
1.3 1.1 0.9 0.6 0.4 0.2 0.2 0.2 0.2 <0.1 
NS = non-significant * = P<0.05 ** = P<0.01 *" = P<0.001 
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Table D5. Monthly means of bank undercut volume (m') in the streams. ANOVA results for stream 
differences are shown for each season by the F statistic. Means underscored by the same 
line are not significantly different by Duncan's multiple range test. 
F 
Month df = 9, 40 Stream means (n = 5) 
April I.S?''® WS PW RK BR 7M 4M BM 3M BK WJ 
0.86 0.45 0.42 0.39 0.1 0.08 0.07 0 0 0 
June 10.81"' RK BR PW WS BM 4M 7M WJ 3M BK 
1.67 0.80 0.32 0.16 0.12 0.04 0.02 0.01 0.01 0 
August 1.39"® RK BR WS BK 4M BM 7M 3M WJ PW 
0.54 0.47 0.34 0.23 0.18 0.13 0.07 0.01 0.01 0 
October 1.53"® BR 3M BK RK WS 7M BM 4M PW WJ 
0.28 0.14 0.14 0.12 0.11 0.07 0.06 0.02 0 0 
NS = non-significant * = P<0.05 " = P<0.01 *" = P<0.001 
Table D6. Monthly means of proportional coverage of stream bottom by algal mats. ANOVA results 
for stream differences are shown for each season by the F statistic. Means underscored 
by the same line are not significantly different by Duncan's multiple range test. 
F 
Month df= 9,40 Stream means (n = 5) 
April 4.4"" PW WS RK 4M BR WJ BM 3M BK 7M 
26.7 19.6 7.3 6.6 5.3 2.0 2.0 0 0 0 
June 5.64" BK WS PW 4M WJ 3M 7M RK BM BR 
39.3 34.0 26.0 11.3 8.6 8.0 7.3 3.3 2.0 2.0 
August 1.16^® PW WS BM 7M RK 4M BR 3M BK WJ 
15.3 7.3 5.3 4.0 2.0 0.7 0 0 0 0 
October 1.15"' 4M BM PW BK BR WS RK WJ 3M 7M 
12.0 10.0 9.3 8.0 2.7 2.0 2.0 0 0 0 
NS = non-significant * = P<0.05 ** = P<0.01 "* = P<0.001 
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Table D7. Monthly means of proportional bottom coverage of macrophytes in the streams. ANOVA 
results for stream differences are shown for each season by the F statistic. Means 
underscored by the same line are not significantly different by Duncan's multiple range 
test. 
F 
Month df=9,40 Stream means (n = 5) 
April 2.63"* 3M PW RK WS BK 7M BR BM 4M WJ 
38.0 35.3 32.0 29.8 25.3 24.0 16.0 15.0 12.0 8.0 
June 4.79™ RK PW 3M 4M BM BR WJ 7M BK WS 
41.3 38.0 25.3 19.3 18.7 17.3 17.3 14.7 10.0 6.0 
August 1.87''= RK 3M BK BR PW 7M BM WJ WS 4M 
48.0 43.4 41.3 36.6 31.3 30.7 29.0 21.3 19.9 15.3 
October 8.11" PW BM RK WJ BR 4M WS 7M BK 3M 
61.3 46.7 46.7 22.7 21.3 18.7 18.7 15.3 10.0 6.7 
NS = non-significant * =P<0.05 " =P<0.01 *" = P<0.001 
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Table D8. Monthly means of percentages of stream bottom as coarse substrate (cobble+gravel) in 
the streams. ANOVA results for stream differences are shown for each season by the F 
statistic. Means underscored by the same line are not significantly different by Duncan's 
multiple range test. 
F 
Month df=9,40 Stream means (n = 5) 
April 1.52®® WS RK BM PW BR WJ 4M 7M BK 3M 
24.9 16.7 15.0 10.0 10.0 9.3 8.7 2.0 0.6 0 
June 2.14' RK WS BR BM PW BK 4M 7M WJ 3M 
24.0 19.0 13.3 11.9 11.3 8.6 6.7 3.3 2.6 0 
August 1.63''® WS BR RK BM 4M PW BK WJ 3M 7M 
26.6 24.0 22.0 18.3 11.3 9.3 9.3 6.0 2.7 2.0 
October 1.46^® BR RK WS 4M BM WJ PW BK 3M 7M 
28.0 22.6 21.0 20.0 15.3 8.7 7.3 7.3 0 0 
NS = non-significant * =P<0.05 " = P<0.01 "* = p<0.001 
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Table El. Monthly means of total fish species per site in the streams. ANOVA results for stream 
differences are shown for each season by the F statistic. Means underscored by the same 
line are not significantly different by Duncan's multiple range test. 
Month Stream means (n = 5) 
ApriP 
Fa 35=10.98 
BM 
8.6 
BR 
7.2 
3M 
6.4 
PW 
6.4 
WS 
6.4 
4M 
5.5 
BK 
4.6 
7M 
2.4 
WJ 
1.8 
June" RK BM 
10.8 10.0 
BR 
9.4 
3M 
8.4 
PW WS 
8.2 6.6 
4M 
6.3 
BK 
6.2 
WJ 
4.6 
7M 
4.6 
Augusf 
F8.29=4.44" 
BR PW BM 3M RK WS 4M WJ 7M 
9.7 9.6 8.8 7.5 7.4 7.0 6.6 4.0 4.0 
October 
F9,40=2.54-
PW BR BM WS RK 4M 3M 7M BK WJ 
10.2 9.4 8.0 7.8 7.6 7.2 7.0 5.4 5.4 4.8 
" 4M: n = 4, no RK, total sample size n = 44. 
" 4M: n = 4, total sample size n = 49. 
7m: n = 3, 3M: n = 2, BR: n = 3, no BK, total sample size n = 38. 
NS = non-significant * = P<0.05 " = P<0.01 *" = P<0.00i 
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Table E2. Monthly mean total fish individuals per 10 m stream length in the streams. ANOVA results 
for stream differences are shown for each season by the F statistic. Means underscored 
by the same line are not significantly different by Duncan's multiple range test. 
Month Stream means (n = 5) 
April" BM BR PW WS 4M 3M BK WJ 7M 
F8 34=4.6"" 31.9 30.0 18.7 13.2 13.1 9.6 4.2 2.3 2.2 
June" BM BR 4M PW BK 3M WS RK 7M WJ 
F9.39=2.9"" 71.1 53.5 52.5 48.0 40.6 28.8 26.8 23.6 15.2 5.5 
Augusf BM PW 4M BR 3M WS RK 7M WJ 
Fs,29=3.44" 44.4 37.4 32.6 27.0 21.0 16.8 12.9 6.9 2.6 
October BR WS PW BK 3M 4M RK BM 7M WJ 
Fg 40=3.04"" 101.0 55.6 55.4 42.8 39.6 38.6 33.0 26.9 12.7 9.3 
° 4M; n = 4, no RK, total sample size n = 44. 
" 4M: n = 4, total sample size n = 49. 
7m: n = 3, 3M: n = 2, BR: n = 3, no BK, total sample size n = 38. 
NS = non-significant * = P<0.05 " = P<0.01 *" = P<0.001 
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Table E3. Monthly means of proportion of individual fish as insectivores in the streams. ANOVA 
results for stream differences are shown for each season by the F statistic. Means 
underscored by the same line are not significantly different by Duncan's multiple range 
test. 
Month Stream means (n = 5) 
April^ 
Fa,35=2.5 
WJ 
62.3 
7M 
59.6 
PW 
58.4 
4M 
55.3 
BR 
46.0 
3M 
29.7 
WS 
22.3 
3M 
17.9 
BK 
15.6 
June" 
Fg,33=2.9-
PW 
63.8 
RK 
40.6 
WS 
38.7 
4M 
38.0 
7M 
36.9 
BR 
33.1 
BM 
31.6 
WJ 
22.9 
3M 
15.1 
BK 
7.5 
Augusf 7M RK BM PW 3M 4M BR WS WJ 
"8,29' Fa ,0=1.3''® 57.5 51.3 50.3 39.0 38.7 34.8 34.8 30.7 27.3 
October PW BM WS 3M 7M RK 4M BR WJ BK 
Fg,p=2.5' 65.9 58.8 57.4 50.8 41.7 38.5 37.8 28.4 27.1 19.7 
' 4M: n = 4, no RK, total sample size n = 44. 
" 4M: n = 4, total sample size n = 49. 
" 7m: n = 3, 3M: n = 2, BR: n = 3, no BK, total sample size n = 38. 
NS = non-significant * = P<0.05 " = P<0.01 *" = P<0.001 
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Table E4. Monthly means of proportion of individual fish as omnivores in the streams. ANOVA results 
for stream differences are shown for each season by the F statistic. Means underscored 
by the same line are not significantly different by Duncan's multiple range test. 
Month Stream means (n = 5) 
April' BK 3M WS BM BR 4M PW 7M WJ 
80.5 78.0 62.5 57.2 49.8 44.4 40.3 39.4 37.2 
June" BK 3M WJ 4M 7M BM WS BR RK PW 
F9 39=3.2"" 92.1 80.7 65.3 61.2 60.0 59.8 56.8 56.5 45.2 32.2 
August^ WJ 3M 4M WS BR PW BM 7M RK 
F8,29=1.8''® 64.6 60.8 58.7 55.8 52.7 46.3 46.0 37.3 26.3 
October BK WJ BR 4M 7M 3M RK BM WS PW 
F9.4o=1-8''® 73.3 64.6 59.5 55.6 54.8 48.8 44.2 37.3 30.4 28.3 
^ 4M: n = 4, no RK, total sample size n = 44. 
" 4M: n = 4, total sample size n = 49. 
" 7m: n = 3, 3M: n = 2, BR: n = 3, no BK, total sample size n = 38. 
NS = non-significant * = P<0.05 ** = P<0.01 "* = P<0.001 
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Table F1. Seasonal correlations of environmental data with PCA components for selected mean 
physical and chemical habitat measurements of the streams using the reduced data set. 
Principal Component 
April June August October 
Habitat Variables 
1 2 3 1 2 1 2 1 2 
turbidity -0.76 0.38 0.13 -0.05 0.75 -0.51 -0.70 -0.54 -0.68 
(0.02) (0.31) (0.73) (0.90) (0.01) (0.16) (0.04) (0.10) (0.03) 
nitrate-N — — — 0.71 0.44 0.55 -0.14 0.65 -0.04 
(0.02) (0.21) (0.12) (0.71) (0.04) (0.90) 
ortho-P -0.83 0.37 0.24 -0.31 0.82 0.79 0.29 -0.72 0.38 
(<0.01) (0.33) (0.53) (0.38) (<0.01) (0.01) (0.45) (0.02) (0.28) 
discharge -0.82 0.23 0.35 0.83 -0.34 0.17 -0.60 0.05 -0.60 
(<0.01) (0.56) (0.35) (-0.01) (0.33) (0.67) (0.09) (0.89) (0.07) 
depth CV 0.27 -0.03 0.93 -0.38 -0.71 -0.78 -0.43 -0.19 0.85 
(0.49) (0.93) (<0.01) (0.27) (0.02) (0.01) (0.25) (0.60) (<0.01) 
macrophytes -0.14 0.88 -0.24 0.71 0.51 0.38 0.59 0.83 -0.08 
(0.71) (<0.01) (0.53) (0.02) (0.14) (0.31) (0.10) (<0.01) (0.83) 
algal mats 0.71 0.58 -0.31 -0.42 -0.50 0.22 0.64 0.79 0.15 
(0.03) (0.10) (0.42) (0.23) (0.15) (0.57) (0.06) (<0.01) (0.68) 
bank undercut 0.71 0.61 0.29 0.97 -0.13 -0.76 0.14 -0.35 0.44 
volume (0.03) (0.08) (0.45) (<0.01) (0.72) (0.01) (0.71) (0.32) (0.21) 
coarse substrate 0.90 0.08 0.35 0.72 -0.62 -0.81 0.35 0.28 0.81 
(<0.01) (0.84) (0.35) (0.02) (0.05) (<0.01) (0.35) (0.43) (<0.01) 
% accumulated 48 71 89 40 73 36 59 31 59 
explained variance 
0 : P value of the Pearson correlation between principal component and individual habitat variable, 
n = 10; April and August n = 9. 
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components, respectively. The significant variables of each component are shown according to the direction (+ or -) of their 
contribution. 
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Figure G2. Environmental relationships of the streams in June 1992, plotted relative to the first two habitat components. 
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Figure G4. Environmental relationships of the streams in October 1992, plotted relative to the first two habitat components. 
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Figure H1. Fish community relationship among 9 streams in April 1992, plotted relative to the first two principal components 
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Figure H2. Fish community relationships of the streams in June 1992, plotted relative to the first two principal components. 
COMPONENT 2 
HIGH 
TOTAL SPECIES. 
TOTAL INDIVIDUALS 
i 
LOW 
1.5 
1 
0.5 
0 
-0.5 
-1 
-1.5 
-2 
-2.5 
WJ 
AUGUST 1992 
•PW 
4M BR 
WS 
BM 
3M 
RK 
7M 
2 -1.5 -1 -0.5 0 0.5 1 
COMPONENT 1 
% OMNIVORES < — 
1.5 2 2.5 
• % INSECTIVORES 
Figure H3. Fish community relationships of 9 streams in August 1992, plotted relative to the first two principal components 
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Figure H4. Fish community relationships of the streams in October 1992, plotted relative to the first two principal components. 
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Table 11. Ecological classification of the 10 studied streams derived from principal components 
analysis for April 1992. 
Stream % Rowcrop Algal Mat, 
Cobble & Gravel, 
Bank Undercut 
Ortho-P, 
Turbidity Depth CV Macrophytes 
WS.BR higher medium-high low-medium medium-high medium-high 
BM, RK, 
WJ,PW 
lower, higher medium-high low-medium low-medium low-high 
BK, 4M, 
3M 
lower, medium low-medium medium-high low-medium medium-high 
7M lower low high high medium 
Fish Community 
Stream % Rowcrop Total Species 
Total 
Individuals 
% 
Omnivores 
% 
Insectivores 
BR. BM higher medium-high high medium-high low-medium 
PW, 4M higher medium medium-high medium medium 
WS, 3M, 
BK 
lower, higher medium-high medium medium-high low-medium 
WJ,7M lower low medium low high 
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Table 12. Ecological classification of the 10 studied streams derived from principal components 
analysis for June 1992. 
Discharge, nitrate-N, 
Watershed Cobble + Gravel, 
Stream Agricultural Structure Macrophytes, Bank Undercut Ortho-P, Turbidity 
WJ, 3M, 4M, 7M rowcrop & mixed medium medium-high 
BM, BK, BR, WS rowcrop & mixed medium low-medium 
PW, RK rowcrop high medium 
Fish Community 
Stream 
Watershed 
Agricultural 
Structure 
Total 
Individuals 
% 
Omnivores 
% 
Insectivores 
BK, EM mixed high high low 
BM, BR, 4M rowcrop medium-high low-medium medium-high 
RK, WS, PW rowcrop low-medium low-medium medium-high 
WJ,7M mixed low medium-high low-medium 
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Table 13. Ecological classification of the 10 studied streams derived from principal components 
analysis for August 1992. 
Stream 
Watershed 
Agricultural Structure 
Cobble + Gr?)vel, 
Bank Undercut Algal Mats 
PW 
BM, RK. WS, BR 
3M, 7M, WJ 
4M, BK 
rowcrop 
rowcrop & mixed 
mixed 
rowcrop & mixed 
low 
medium-high 
low 
medium 
high 
medium-high 
low-medium 
low-medium 
Fish Community 
Stream 
Watershed 
Agricultural 
Structure 
Total 
Species 
Total 
Individuals 
% 
Omnivores 
% 
Insectivores 
PW, BR, BM rowcrop high 
4M, WS, 3M rowcrop & mixed medium-high 
WJ mixed medium 
RK, 7M rowcrop & mixed low 
high low-medium medium-high 
medium-high medium-high low-medium 
medium high low 
low low-medium medium-high 
238 
Table 14. Ecological classification of the 10 studied streams derived from principal component 
analysis for October 1992. 
Stream % Rowcrop 
Depth CV, 
Cobble & Gravel Turbidity Ortho-P 
Nitrate-N, Algal 
Mats, Macrophytes 
BR, WS higher high low medium-high low-medium 
4M medium medium low low high 
RK, BM, 
PW 
medium-higher medium medium low high 
WJ, BK, 
3M, 7M 
lower low-medium mediutn-
high 
medium-high low-medium 
Fish Community 
Stream % Rowcrop Total Species 
Total 
Individuals 
% 
Omnivores 
% 
Insectivores 
BR,BM higher high medium medium medium 
PW, 4M lower, medium medium-high low-medium medium-high low-medium 
WS, 3M, 
BK 
low, medium, 
higher 
low-medium medium-
high 
low-medium medium-high 
WJ,7M lower low low high low 
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Table J1. Trophic guild assignment for the collected species . 
SPECIES TROPHIC GUILD 1992 1993 
1. Esocidae 
Northern Pike P X 
II. Catostomidae 
Quillback Carpsucker 0 X X 
Shorthead Redhorse 1 X 
Golden Redhorse 1 X X 
Northern Hog Sucker 1 X X 
White Sucker 1 X X 
III. Cyprinidae 
Central Stoneroller H X X 
Common Carp 0 X X 
Fathead Minnow 0 X X 
Bluntnose Minnow 0 X X 
Suckermouth Minnow 1 X X 
Brassy Minnow 0 X X 
Creek Chub TL>15cm P;TL<15cml X X 
Flathead Chub 1 X 
Common Shiner 1 X X 
Bigmouth Shiner O X X 
Rosyface Shiner 1 X 
Spotfin Shiner 1 X X 
Sand Shiner 0 X X 
Red Shiner 0 X X 
Blacknose Dace 1 X X 
Southern Redbelly Dace H X X 
IV. Ictaluridae 
Black Bullhead TL>10cm P; TL<10cm 1 X X 
Yellow Bullhead TL>10cm P; TL<10cm 1 X X 
Stonecat TL>10cm P; TL<10cm 1 X X 
V. Centrarchidae 
Largemouth Bass TL>10cm P; TL<10cm 1 X X 
Smallmouth Bass TL>10cm P; TL<10cm 1 X X 
Spotted Bass TL>10cm P; TL<10cm 1 X 
Green Sunfish TL>15cm P; TL<15cm 1 X X 
Bluegill 1 X X 
Orangespotted Sunfish 1 X 
VI. Percidae 
Johnny Darter 1 X X 
Fantail Darter 1 X X 
Yellow Perch TL>10cm P; TL<10cm 1 X 
Walleye P X 
Vli. Gasterosteidae 
Brook Stickleback 1 X X 
H = herbivore O = omnivore I = insectivore P = piscivore TL = total length in cm. 
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Structural Equation 
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Figure K1. An example of structural equations and covariance matrix of linear structure relations 
(Johnson etal. 1994). 
